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SCIENCE  AND  ART  DEPARTMENT. 

Lord  Pretidemt^  The  Bight  Hon.  The  Earl  de  Grey  and  Ripoo« 

Vict-PrttUUiit  of  the  Committee  of  Omncii  on  Education^  The  Eight  Hon. 
William  Edward  Forster,  M.P. 


Office  hours,  10  to  4. 


GSHXRAI.  ADMIHISTBATIOV. 

Secretarw,  Henry  Cole,  CJB. 
.iseietamt  Seeretarw,  Norman  MacLeod. 
(^ef  Clerk,  G.  Frauds  Banoombe. 
First-^asM  Clerks,  Perehral  B.B.  PeOe ;  A.  J.  B. 

TreDdell:  Alan  8.  Cole:  T.  Cheeman,  BJL, 

LL.B. 

Serondreiass Clerks,  Gasparini ;  T.  A. Bow- 
ler :  F.  &.  Fowke ;  B.  Bdsbaw ;  G.  G.  Millard. 

SmnpteateiUarv  Clerks,  W.  Burtt ;  A.  8.  Biury ; 
H.M.Cinidan;  O.J.DnUea. 

Assistant  Clerks,  W.  H.  F.  8trattoa;^C.  Co- 
rn jns  ;  C.  6.  Qainton. 

Jetymntant,  A.  L.  Simkins ;  Book-keeper,  H.  W. 
Williams ;  AMsistamt  Book-keeper,  B.  Harris. 


Gevuai.  STOBxa. 

Sfffrtkeeper,  G.  Graser.  Depmtii,  H.  Lloyd. 
Clerks,  N.  Bobinaon ;  T.  Durkin ;  J.  Smith. 


Scmcx  DiYiaiov. 
Ojllcial  Inspector  for  Science,  Gapt.  Donnelly, 

Ocrasionai  Inspectors,  F.  J.  Sidney,  LLJ). ; 

Capt.  Harris,  B.LC.  {Navigation). 
Official  Examiner,  G.  C.  T.  Bartley. 
SnppUmentarif  Assistant  Examiner,  T.  Healcy. 


Prqfes^ondt  Examifsersfor  Science, 
Sabject. 

L— Pn^tiaU^j^^l^iie,  and  solid  Geometry, 
IL— Macidne  Conrtmction  and  Drawing,  T. 


IIL— Boikling  Construction,  T.  Bradl^. 

III.  — Naiml  Architecture,  W.  B.  Baskoomb. 

IV.  —BlementarT  Mathematics,  Ber.  B.  M. 

Cowie,fiJ). 
T.— Hi|^   Mathematics.  Ber.  Joseph 

\fc»lley,LL.D. 
TL— l%eoretical  Mechanics,  Ber.  John  F. 

Twisden,M.A. 
Vir.— Applied  Medianics.  J.  Anderson,  C.B. 
TIU.— Aoonstics,  Light,  and  Heat,  J.  Tyi.daU, 

HL— Magnetism  and  Electricity,  J.  l^n- 

daU,  F.R^. 
X— InorRaiiSo  Chemistry.  E.  Frankland, 

Ph.D.,F.B.S. 
XI.— Ornuic  Chemistry,  B.  Frankland. 

Ph.D.,  F.B.S. 
X I  r.— Geology.  A.  C.  Ramsay.  F.B.8. 
Xm -3Iineralo}ry,    W.  W.  Smyth,  M.A.. 

F-R.S. 

XiW— Animal  Plmtiology,  T.  H.  Huxley. 

  LLJ).,  F.BJ3. 

XV.— aSoology.  T.  H.  Huxley.  LLJ).,  F.BA 
XYL— Yegeuble  Anatomy  and  Physiology. 

T.  Thomson,  M.D.,  F.BwS. 
XVII.— Systematic  and  Beonomic  Botany.  T. 

Thomson.  M.D.,  F.B.8. 
Xnil.— Mining.  W.  W.  Smyth,  M.A^F.BJS. 
IIX.--MetajIii]iB7>  J.  Percy,  M,Dn  F.B.S. 


ltX.-Navi«ation.  Ber.  J.  WooUey.  LL.D. 
XXL-NauU^  Astronomy.  Ber.  J.  WooU 

ley.  LUD, 
XXn.— Steam,  T.  M.  Goodere,  M.A. 
XXm.— Physical  Geography.  D.  T.  Aniied, 
FJLS. 


Abt  Dmaioir. 


In^ector-OenereU  fnr  Art, 


Ofieial  Inspector  far  Art,  H.  A.  Bowter. 
Ot  r  'sioHfU  Inspects,  8.  A.  Hart^  BwA.;  Mm 

Ciowc:  F.B.Barwdl. 
Qgtotol  inmimsr,    P,  Bytlett 
Pto^MmmI ammiun%iSe  F.  Gnat, P.BA. ; 
£  K.  Xaelin. &A.1 7.  0.  Horsley.  BA.;  R. 

Le|At(n.B.A.i  8irM.DMr Wmtt. 
OoMmmM  Jtoswfairs,  J.  ManfaaQ,  FJU8., 
F J^pA  ^l^g^^^^j^^To.  W.  AK 


Inspectors  qf  Looal  Schools^  'BL  G.  Wylde;  J. 
iClselin,  M.A. 

Organizing  Master,  J.  C.  Buckmaster,  F.C.8. 


South  KxvsnroToir  MunuM. 

General  Superintendent,  Heniy  Cole.  C.B. 
Museum  Superintendents,  B.  A.  Thompson ;  P. 

Cunliffe  Owen ;  Cmpt.  B.  B.  Festinir  B.B. 
Director  qf  New  Buildings,  Lieut^-CM.  Seott, 

B.  E.  • 

Decorativs  Artists,  J.  Gamble;  B.  Townroe;  F. 
W.  Moody. 

Editor  of  Catalogues  and  Rtfereefor  Libraries, 
J.  H.  Pollen.  late  Fellow  of  Merton  Col- 
lege, Oxford. 

Museum  Keeper  {Art  Cotteetions),  G.  Wallis. 

Museum  Keeper  (National  Art  l/brarg),  B.  H. 
Soden  Smith,  M.A^  Trinity  College,  Dublin. 

Assistant  Museum  Keepers,  W.  Matchwick:  H. 
Randham ;  B.  Laskey ;  C.  B.  Worsnop ;  B.  F. 
.Skotchley.  B.A.,  Exeter  Collm.  Oxford :  H.  B. 
Acton ;  J.  W.  Appell.  Ph~  "* 

C.  A. Pierce;  T. Clack. 
Sm 


rtKoicniey,  jsxecer  i;ouege.uxrora :  n.  is. 
A(;ton ;  J.  W.  Appell.  PhJ). ;  A.  C.  King.  F.SJL. ; 
C.  A. Pierce;  T. Clack. 

%pplementanf  Assistant  Keeper,  C.  C  Black. 
M.A.,  Trinity  College,  Cambridge. 
Museum  Clerks,  J.  B.  BundeU ;  M.  Webb. 
Supplementaru  Clerks,  H.  Yemen;  A.  Masson ; 
E.  StreatfeUd :  F.  Coles ;  J.  Barrett ;  C.  H. 


w.  K.  Btreatreua :  r.  uoies ;  j .  narretv ;  %}.  u. 

Derby:  W.G.Johnson;  C.  T.  Townshend. 
Superintendent  of  the  Naval  Museum,  0.  W. 

Menrifleld,F.Bw8. 
Agent  for  SaU  qf  Examples,  J.  Cundall. 

KATioirix  Abt  TBAiviire  School. 

Head  Master,  Bichard  Burchett. 
Deputy  Head  Master,  B.  W.  Herman. 
Mechanical  and  Architectural  Drawtng,  H.  B. 

oSmSnf  aikf  Perspective,  B.  8.  Burchett. 
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PaintiHa,  Freehand  Drawing  of  Omanunt^  Ac^ 
the  Figure  and  Anatomy  and  Ornamental 
Design,  R.  Burchett;  R.  W.  Herman;  W. 
Denby ;  B.  CoUiiuon ;  0.  P.  Slooombe. 

ModeUing.V.  M.  HiUer. 

Lady  Superintendent  of  Female  Students,  Hiss 
Trolock. 

Female  Teachers,  Mn.  S.  E.  OaaabiuieR;  Mlw 
Ghannon. 

Lecturer  on  Anatomy,  J.  Manhall,  JfJK,S., 
P.ILC.8. 

BoTAL  School  ov  Nayal  Aschitbotitbb 
AVD  HABiini  BvQivnsive. 

Inspector-General^  Bev.  J.  WooUfflr,  LL.D. 

Principal,  C.  W.  Morrifleld.  T.B.S. 

Vice  PHnotpal  H.  M.  Taylor,  B  Jl.,  Fellow  of 
Trinity  College,  Gambridwe. 

Instructor  in  Naval  Drawing,  W.  B.  Baakcomb. 

Instructor  in  Engineering  and  Applied  Mecha- 
nics, J.  H.  GotteriU.  MJi. 

Engineering  Drawing,  J.  Maxton. 

Practical  Okemistry,  J.  Davidaon. 

IVencA,  M.  Penon. 


Jf||i^  and  Mineralogf,^^.^,  Bmyth,  MJU 

Meehanieail  Drawing,  "B/ev.  J,  H.  Edgar,  MJk. 
Huaeum  open  every  day  but  FridMr,  except  from 
the  10th  of  Augoflt  to  the  10th  of  September. 


GEOLOGICAL  8UBVEY. 

Director-General,  Bit  B.  I,  Hurohiaon,  Bart., 

K.C.B.,  M.A.,  P.ILS, 
D^e^Jbr  England  and  Wales,  A.  0.  lUmiay, 

Di^drfor  Ireland,  J.  B.  Jukea,  M.A.,  P,B.8. 
Director  for  Scotland,  A.  Geikie,  F.B.8. 
Naturalist,  T.  H.  Huxley,  LL.D.,  P.B.S. 
PaUsonMogist,  B.  Etheridge. 

BOTAL  SCHOOL  OF  MINES. 

Director,  Sir  B.  I.  Murchiaon,  Bart.,  K.G.B.. 

M.A..  P.B.8. 
Keeper  qf  Mining  Records,  Robert  Hant,P.B.S. 
Assistants,  Bichard  Meode.  Jamea  B.  Jordan. 
Segistrar,  Curator,  andLibrarian,  T.  Boekt. 
Assistant  Librarian,  T.  Newton. 
Assistant  Ourator,  P.  W.  Budler. 

« 

PBOVB8BOS8. 

CAMMf^iw.  Edward  Prankland.  PhJ)..  P.B.S. 
Natural  Mistory,  T.  H.  Huxlfly.  LL.D,  P.B.8. 
Physics.  P.  Gutbhe,  B.A. 

Geology,  A.  C.  Baniaay,  LL.IX.  P.R.S. 


BDINBT7BGH  MUSEUM  OP  SCIBNCB  AND 
ABT. 

Director,  Profeasor  T.  0.  Archer,  P.BJS.E. 
Keeper  qf  Nettural  History  Museum,  ProtesaoT 

Allman,M.D..P.B.S. 
Curator,  Alexander  Galletlr. 
Assistant  in  Natural  Mistory  Museum,  J. 

Davies. 

Clerks,  J,  Faton  and  J.  Gibson. 


BOTAL  COLLEGE  OP  8CIEN0E,  DUBLIN. 

Dean  of  Faculty,  Sir  B.  Kane,  P.B^8. 
Seoretary,  P.  J.  Sidncor.  LL.D. 
Curator  qf  Museum,  A.  Gagei. 
Clerk,  G.  O.  Penny. 

Pbofbsbobs. 
PAy»<0t,  W.  Barkei>  M  J). 
Chemistry.  Vr,  K.  Bollivan.  Ph.D. 
Applied  Chemistry,  Bw  Gauoway. 
Geology,  J.  Beeto  Jukea,  P.B8. 
Applied  MathemaUes,  Bobert  Ball,  M.A. 
Ectany,  Wyvillo  Thomson,  LLJ).,  F.B.8. 
Zoology,  B.  H.  Traquair,  H.D. 
Agriculture,  E.  W.  Davy,  MJB. 
Descriptive  Geometry  and  Drawing,  Thomasi 
P.Pigot. 

Mining  and  Mineralogy,  J.  P.  O'Beilly. 
Demonstrator  in  Paksontohgy,  ^V,  A*  Baily. 
P.L.8. 

Assistant  Chemist,  W.  Plonkett. 

BOTAL  DUBLIN  SOCIBTT. 
President,  Hia  Exoellenoy  the  Lord  lieatenant. 
Secretaries,  G.  W.  Maunaell,  A.M. ;  Lawrence 

Waldron,  D.L. 
Registrar  and  Assistant  Seerstonf,  W.  £. 

Steele,  M.D. 
Treasurer,  d^c,,  H.  C.  White. 
Director  qf  Natural  History,  A.  Qvte.  M.D. 
Keeper  qf  Minerals,  Dr.  J.  Emerson  Reynolds. 
LU^rian,  B.  B.  P.  OoUia. 
Director  of  Botanic  Gardens,  tHaenoein,  D. 

Moore^  Ph-D. 

ZOOLOGICAL  GABDENB,  DUBLIN. 

«te«^i^,Pjofeaw  MJ).?  E«v.S. 

Haughton,  M.D.,  F.R.S. 
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SuMfiiABT  of  the  Nature  and  Amount  of  Assistancb 
afforded  hy  the  Sgibnce  and  Abt  Department 
to  the  Industrial  Classes  in  procuring  Ikstruo- 
tion  in  SciENCfi. 


{ImperiOMi  AlitroHoM  modi  mum  Me  hut  edkum  of  ik§  Dineid9y  an 
printed  in  Jtalics.'} 

I.  A  sum  of  money  is  voted  annually  by  Parliament 
for  scientific  instruction  in  the  United  Kngdom. 

II.  This  sum  is  administered  by  the  Science  and 
Art  Department. 

III.  The  head  of  the  Education  Department,  of 
which  the  Science  and  Art  Department  is  a  branch, 
is  the  Lord  President  of  the  Council,  assisted  by  a 
member  of  the  Privy  Council,  who  is  called  the  Vice- 
President  of  the  Committee  on  Education,  and  who 
acts  under  the  direction  of  the  Lord  President,  and 
for  him  in  his  absence.  (Order  in  Council,  25th 
February  1856,  Act  19  &  20  Vict.  c.  116.) 

IV.  The  object  of  the  grant  is  to  promote  instruc- 
tion in  Science  especially  among  the  industrial 
classes,*  by  affording  a  Imiited  and  partial  aid  or 
stimulus  towards  the  founding  and  maintenance  of 
Science  schools  and  classes.f 

V.  The  payment  of  fees  by  the  students  can  be  Payment  of 
looked  upon  as  the  only  solid  and  sufficient  basis  on  gJJ^^^ 
which  a  self-supporting  system  can  be  established 


♦  Difect  payments  ore  made  to  teachers  only  on  behalf  of 
adult  artisans^  or  the  children  of  artisans,  or  the  children  of 
persons  who  are  not  assessed  to  the  income  tax,  that  is,  who  do 
not  possess  an  income  of  100/.  a  year.    (See  {  xxiii.) 

t  The  amount  is  liable  to  be  decreased  and  eventually  with- 
drawn. Payments  to  teachers  therefore  must  not  be  looked  upon 
as  perpetual,  or  in  any  way  conferring  on  the  teacher  a  claim  to 
any  payments  beyond  iboae  pfiered  for  each  current  year. 
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and  supported.  Though  my  Lords  do  not  consider 
it  necessary  at  present  to  lay  down  any  rules  making 
the  payment  of  fees  an  absolute  condition  of  the 
grants  on  account  of  Science  instruction,  yet  as  the 
payments  from  the  State  must  be  expected  to  dimi- 
nishy  and  as  aid  on  account  of  those  persons  who  do 
nothing  for  themselves  cannot  be  justified.  Com- 
mittees of  schools  and  classes  and  teachers  are 
strongly  urged  (should  it  at  present  not  be  the  prac- 
tice) at  once  to  impose  as  nigh  a  scale  of  fees  as 
they  consider  can  be  raised  not  only  on  middle  class 
students  but  also  on  artisans. 

VI.  The  following  are  the  Sciences  towards  in- 
struction in  which  aid  is  given : — 

Subject  1,  Practical    Plane    and    Solid  Geo- 
metry. 

„      2,  Machine  Construction  and  Drawing. 
„      3,  Buildmg     Construction    or  Naval 

Architecture  and  Drawing. 
I,      4,  Elementary  Mathematics. 

5,  Higher  Mathematics. 
„      6,  Theoretical  Mechanics. 
„      7,  Applied  Mechanics. 
„      8,  Acoustics,  Light,  and  Heat 
„       9)  Magnetism  and  Electricity. 
„     10,  Inorganic  Chemistry. 
„     11,  Organic  Chemistry. 
„     12,  Geology. 

13,  Mineralogy. 

14,  Animal  Physiology. 
„     15,  Zoology. 

„     16,  Vegetable  Anatomy  and  Physiology. 

„     17,  Systematic  and  Economic  Botany. 

„     18,  Mining. 

„     19,  Metallurgy. 

„     20,  Navi^tion. 

„     21,  Nautical  Astronomy. 

„     22,  Steam. 

„     23,  Physical  Geography. 
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VIT.  The  assistance  granted  by  the  Science  and 
Art  Department  is  in  the  form  of — 

1.  PuUic  examinations,  in  which  Queen's  Medals 

and  Queen*8  Prizes  are  awarded,  held  at  all 
places  complying  with  certain  conditions. 

2.  Payments  on  results  to  teachers. 

3.  Scholarships  and  Exhibitions  (see  p.  13). 

4.  Building  Orants. 

5.  Grants  towards  the  purchase  of  apparatus,  &c. 

(See  §  XXXY.) 

VIII.  Suitable  premises,  with  firing,  lighting,  &c,,  School  Pre- 
must  be  found  and  maintained  at  the  cost  of  the 
locality  where  the  school  or  class  is  held.    If  at  any 

time  the  iunds  do  not  cover  these  requisite  local  ex- 
penses, it  must  be  inferred  that  there  is  no  such 
demand  as  the  Government  is  justified  in  aiding,  for 
instruction  in  the  locality ;  and  the  assistance  of  the 
Department  will  be  withdrawn  {see  Building  Grants 
§  XXXIYX 

IX.  A  Local  Committee  of  Management  of  not  Com- 
less  than  five  well  known  responsible  persons  must 

be  formed  in  connexion  with  every  Science  Class, 
who  will  car^  out  the  instructions  contained  in  the 
Appendix.  Instructions  for  a  Committee  when  pay- 
ments are  to  be  claimed  are  given  at  p.  23,  for  a 
Committee  of  a  class  which  merely  desires  examina- 
tion at  p.  26. 

Examinations. 

X.  The  Science  and  Art  Department  holds  annu-  EMmnation 
ally  about  May,  through  the  agency  of  the  Local  ®' 
Committees,  public  examination  in  all  the  before- 
mentioned  Sciences  in  any  place  in  the  United 
Kingdom  which  complies  with  the  requisite  condi- 
tions. (  §§  VIII.  and  IX.) 

XI.  The  examinations  are  of  two  kinds,  but  held 
on  the  same  evening  and  conducted  by  the  same 
Committee. 

a.  The  class  examinations  for  students  under 
instruction  in  Science  Classes  whether  taught  by 
teachers  qualified  to  earn  payments  on  results  or  not. 
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b.  The  honours  examination^  of  a  highly  advanced 
character. 

The  class  e^camination  is  of  two  grades  or  stages ; 
the  first  stage  or  elementary  examination,  and  the 
second  stage  or  advanced  examination.  On  this  ex- 
amination the  payments  on  results  and  prizes,  &c.  are 
awarded  as  specified  in  §§  XVIII.,  XI  A.,  and  XXIII. 

XII.  Application  for  examination  must  be  made 
on  Science  Form  No.  119  before  the  end  of  March, 
stating  the  number  of  persons  and  the  subject  or 
subjects  in  which  they  are  to  be  examined. 

XIII.  In  addition  to  the  above,  class  exammations  are 
held  in  Mathematics,  Navigation,  Nautical  Astronomy^ 
SteatD,  and  Physical  Geography  for  the  benefit  of  sea-£Gtring 
men — and  for  them  only — three  times  a  year  in  all  seaports 
where  Local  Committees  are  formed  and  are  willing  to 
imdertake  them.  These  examinations  take  place  in  the 
beginning  of  March,  September,  and  December.  The  appli- 
cation for  these  examinations  must  be  made  on  Science 
Form  No.  119  before  the  10th  day  of  the  previous  month. 

XIY.  K  at  any  time  there  be  reajion  to  suspect  the  fidr- 
nees  of  the  examination  generally,  ot  of  the  Way  in  which 
particular  candidates  have  worked  their  papers^  a  further 
examination  will  take  place  in  such  manner  as  may  be 
deemed  most  advisable*  Reftisal  on  the  part  of  any  candi- 
date to  answer  will  entail  the  cancelling  of  his  previous 
examination. 

XV.  If  two  01*  more  classes  in  the  same  town,  oi*  within 
a  reasonable  distance  of  one  another,  apply  tot  the  exami- 
nation of  the  Science  and  Art  Department,  a  general 
examination  committee  must  be  formed  by  the  amalgama- 
tion of  the  several  Committees  to  carry  out  the  examina- 
tions at  some  common  centre,  such  as  the  town  haU  or 
other  public  building.  It  is  only  when  the  classes  consist 
of  50  or  more  candidates  that  such  amalgamation  of  the 
Committees  will  not  at  present  be  insisted  on. 

XVI.  Besides  the  registered  students  of  a  class,  any 
other  person  may  present  himself  for  examinntion  Wore 
the  Local  Committee  whenever  an  examination  ia  being 
held  for  the  class.  He  must  apply  io  the  Local  Secre- 
tary before  the  26th  of  March,  and  if  required  by  the 
Local  Committee,  pay  a  registration  fee  of  not  more 
than  6d  Arrangements  must  therefore  be  made  by 
the  Local  Committee,  or  the  General  Examination  Com- 
mittee, as  the  case  may  be,  to  enable  other  candidate, 
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beaides  the  stndents  in  the  class  for  wiiich  the  Commiitee 
act,  to  dt  at  the  examination.  The  registration  fee  of  28. 6d., 
which  8u<^  candidates  may  be  reqtdred  to  pay,  ia  to  reim- 
btunse  the  Committee  for  any  extra  expenses  incurred  by  such 
attendance,  and  may  at  their  option  be  remitted* 

XVJI.  At  the  May  class  exanunationd  and  the  cuariflcation 
quarterly  examinations  of  seamen  the  grades  of 
success  are : — ^in  the  first  stage  or  elementary  paper,  ttons. 
first,  second,  and  third  class ;  and  in  the  second  stage 
or  advanced  paper,  first  and  second  class.   For  the  ' 
third  or  lowest  class  the  standard  of  attainment  is 
only  such  as  will  justify  the  Examiner  in  reporting 
that  the  instruction  has  been  sound,  and  that  the 
students  have  benefited  by  it.    The  standard  may 
be  raised  from  year  to  year. 

XVIIL  To    all    successful    students    are    given  Queen's  Prizes. 

printed  lists  of  results  showing  their  position;  to 
the  first  class  in  both  stages  are  given  Queen's  prizes, 
consisting  of  books  or  mstruments  chosen  by  the 
candidates  from  lists  furnished  for  that  purpose** 

These  are  imlimited  in  number^  and  are  open  to  all 
candidates  who* come  within  either  of  the  following  cate- 
gories, (1)  Students  in  Science  Classes  tmder  Teachers 
qnalified  to  earn  payment ;  (2)  Registered  Students  in 
Artisan  Classes  taught  by  other  Teachers. 

Other  candidates,  if  Boccessfiil,  only  receive  Cards  of 
ment. 

The  following  are  exceptions  to  the  above  rule : —  * 

a;  Teachers  earning  or  who  have  earned  payments  on 

the  results  of  instructK)n;  and 

b.  Students  who  have  previously  received  the  same,  or  a 

higher  class,  in  the  same  subject. 

XIX.  Four  medals,  one  gold,  one  silver,  and  two  Qneen's 
bronze,  are  given  in  the  class  examination  in  each 
subject  for  competition  among  the  bond,  fide  students 
of  Science  Glasses  who  either  come  within  the  cate- 
gory of  persons  on  account  of  whom  payments  can  be 
earned  or  are  under  17  years  of  age. 

*  Candidates  who  hare  obtained  a  firtt  or  second  dM8  in  the 
nivanoed  stage  may  obtain  tickets  of  admiseion  to  the  Educa** 
tiMal  and  Art  Libraries  on  api^cation,  by  letter,  addressed  te 
the  Secretary. 
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Only  registered  students  of  schools  and  classes  under 
Local  Committees  (see  §  IX.)  are  eligible  for  medals. 
They  cannot  be  taken  by  middle  class  students  who  are 
more  than  17  years  of  age  nor  by  persons  engaged  in  teach- 
ing even  if  qualified  as  above.  Should  a  student  take  more 
than  one  gold,  silver,  or  bronze  medal,  he  will  receive  books 
instead. 

Payments  on  Results. 

Qualification.  XX.  Pcrsons  are  qualified  to  earn  payments  on 
results  who  have : — 

a.  obtained  certificates  as  teachers  iu  any  of  the 
before-mentioned  sciences  according  to  the  rules  in 
force  previous  to  January  1867>  or, 

b.  obtained  a  First  or  Second  Glass  in  the  ad- 
vanced paper  at  the  May  class  examination  since 
that  date,  or, 

c.  taken  honours  at  the  May  examination. 

No  payments  are  made  to  a  teacher  on  account  of 
instruction  given  in  subjects  in  which  he  is  not  so 
qualified.* 

To  vhom  XXI.  Payments  on  results  are  made  either  directly 
to  teachers  or  to  the  Committee  or  managers  of  the 
school.  Where  classes  are  formed  by  a  teacher  inci- 
dentally, in  addition  to  his  regular  duties,  the  pay- 
ment may  be  made  directly  to  him.  Where  there  is  a 
regularly  organised  Science  School,  with  day,  or  day 
and  evening  classes  in  science,  the  payments  will  be 
made  to  the  Committee.  The  question  of  a  school 
claiming  under  this  last  head  will  be  specially  con- 
sidered by  the  Department. 

XXIL  Payments  are  only  made  to  the  teacher  or 
to  the  Committee  on  condition  that  the  student  has 


*  Such  examination  will  be  dispensed  with  in  the  case  of  a 
candidate  who  has  taken  a  degree  at  any  University  of  the  United 
Kingdom,  or  who  has  obtained  the  Associateship  of  the  Royal 
School  of  Mines,  London^  or  the  Bojal  College  of  Science, 
Ireland.  Full  particulars  must  be  furnished  by  the  applicant, 
accompanied  by  his  diploma  or  a  certificate  from  the  Registrar  of 
his  University.  This  action  must  have  been  taken  and  the 
applicant  recognised  by  the  Department  before  payments  on  results 
can  be  claimed. 
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received  25  lessons*  at  least  from  the  teacher  or 
teachers  in  each  subject  in  which  payment  is  claimed 
since  the  last  examination,  each  lesson  being  an 
attendance  at  a  meeting  of  the  school  of  at  least 
three-quarters  of  an  hour's  duration  on  a  separate  day. 
The  25  lessons  need  not  necessarily  be  all  given 
in  one  year,  but  may  extend  over  a  longer  period. 

XXIII.  Payments  are  made  to  the  qualified  teacher  Pftyments  to 
on  account  of  the  instruction  of  students  of  the  Artisan  Teachem 
Classes  (for  definition  of  Arfjsan  Class  see  Science 
Form  No.  5 1 ,  page  28)  in  the  following  manner : — 
The  payments  claimable  for  each  student  in  each 
subject  are — 3/.  for  a  first  class  in  the  elementary 
stage,  2/.  for  a  second  class,  and  1/.  for  a  third  class, 
and  a  further  payment  of  21.  for  a  first  class  and  1/. 
for  a  second  class  in  the  advanced  stage,  provided 
the  student  has  in  a  previous  year  pass^  in  the 
elementary  stage  ;t  but  these  amounts  are  reduced  in 
the  following  ways  :| 

1st.  If  the  student  has  been  previously  successAil  in 
the  same  stage  of  the  same  subject,  such  payments  are 


*  It  must  be  dearly  understood  that  the  number  (25)  of  lessons 
which  the  teacher  is  required  to  give  is  the  minimum  fixed  as  a 
criterion  that  the  pupil  has  received  his  instruction  from  the 
teacher.  It  is  not  meant  in  any  way  to  specify  that  that  amount 
of  instruction  is  sufficient,  or  to  guarantee  the  teacher's  receiving 
payment,  if  that  amount  of  instruction  alone  is  given. 

t  Students  who  have  already,  1868,  passed  are  considered  as 
satisfying  this  condition,  and  payments  will  be  made  on  their 
account  according  to  the  old  rules,  on  the  assumption  that  the 
First  and  Second  Class  in  the  advanced  stage  represent  the 
ftrmer  first  and  second  class,  and  that  the  first,  second,  and  third 
class  in  the  elementary  stage  represent  the  former  third,  fourth, 
and  fifth  class.  Thus  if  a  student  who  has  already  taken  a 
fourth  class  should  at  the  next  examination  take  a  second  class 
in  the  advanced  stas^e,  the  teacher  will  receive  21.  on  his  account. 

\  This  rule  will  be  modified  in  the  case  of  teachers  who,  at 
the  Examination  in  May  1869,  are  bon&  fide  passing  for  and 
intend  at  once  to  become  Science  Teachers.  The  proviso  that 
the  student  shall  first  pass  in  the  elementary  stage  before  passing 
in  the  advanced  will  not  be  obligatory  in  theh*  case>  and  the 
Science  Teacher  who  has  instructed  them  will  be  allowed  to 
cam  full  payment  on  their  account — up  to  a  maximum  that  is  of 
5L  for  a  first  class  in  the  advanced  stage. 
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reduced  by  the  normal  paymait  which  was  claimable 
on  such  previous  success ;  for  instance,  the  2L  pay- 
ment for  a  second  class  in  the  first  stage  would,  if 
the  student  had  previously  taken  a  third  class,  be 
reduced  by 

2nd.  When  on  this  scale  they  would  amount  to 
more  than  60/.  the  excess  up  to  40/.  is  diminished  by 
one  quarter,  the  excess  above  40/.  by  one  half.  Thus 
payments  which  on  the  above  scale  would  be  100/.  and 
150/.  will  be  reduced  to  90/.  and  115/.  respectively.! 
If  the  teacher  be  instructing  classes  three  miles  or 
more  apart  this  deduction  will  be  reduced  by  the 
amount  of  his  travelling  expenses. 

CoSSStJ^       XXIV.  Payments  are  made  to  the  Committees 

ommi  ee.  ^^^j^        ^^^^  givCU  in  6  XXIII.  wlth 

the  exception  of  the  reductions  described  in  the  last 
paragrapn  (XXIII.  2nd.)  which  do  not  apply^  but  no 
payment  of  more  than  15/.  will  be  made  on  account  of 
any  one  student,  nor  will  the  total  payment  to  the 
school  exceed  a  maximum  of  2/.  per  successful  paper 
worked  at  the  examination  by  artisan  students  taught 
during  the  preceding  year. 

These  payments  may  be  divided  in  any  proportion 
the  Committee  think  fit  among  the  teachers  of  the 
school,  and  a  proportion  not  exceeding  20  per  cent., 
nor  exceeding  the  local  voluntary  contribution  to  the 
expenses  of  the  school,  may  be  deducted  by  the 
Committee  in  aid  of  such  expenses. 
Form  of  Claim  XXV.  The  claim  for  the  payments  must  be  made  on 
for  Payment  Science  Form  No.  51,  or  Science  Form  No.  61a.  The 
voucher  must  be  signed  by  the  secretary  or  chairman  aad 
two  members  of  the  Committee  at  least,  at  a  meeting  of  the 
Committee  held  specially  for  the  examination  and  oertifica- 
tion  of  the  claim.    (See  Appendix,  page  28.) 


^  Deductions  will  be  made  in  pajrmetits  on  account  of  Sab- 
ject  I.  to  the  amount  of  atiy  payments  that  have  been  made  on 
Second  Grade  Examinations  in  Art,  in  practical  geometry,  per- 
Bpective  or  mechanical  drawing. 

t  Thus,  100,  that  is  60+40,  is  reduced  to  60+40--^  of  40 
fi=  60+80=90.  150,  that  is,  60  +  40+50  is  reduced  to 
60+30+25=115. 
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XXYI.  A  school  register  must  be  kept  in  each  subject  on  School 
a  Form  which  will  be  supplied  on  application.   This  must  ^«^»*«'- 
be  made  up  from  day  to  day,  and  will  be  examined  and 
approved  by  the  Inspector  on  his  visit.    It  must  be  sent  to 
the  Department  with  the  claim  for  payment,  and  no  pay- 
ment can  be  made  unless  the  register  is  properly  kept. 

XXVII.  All  payments  to  qualified  teachers  on  account  of  Instruction  in 
Science  teaching  are  made  by  the  Science  and  Art  Depart-  g^'^™^"**'"^ 
ment^  and  are  only  made  in  respect  of  a  school  in  connexion 

with  the  Sdenoe  and  Art  Department,  No  such  payments 
are  made  in  respect  of  any  instruction  in  Science  that  may 
be  given  during  the  three  attendances  of  an  Elementary 
School  receiving  aid  from  the  Educational  Department^ 
WhitehalL 

XXVIII.  These  grants  are  only  made  while  the  teacher  Useof  Eiemen- 
is  giving  instruction  in  a  day  or  evening  school  or  dass  for 

the  industrial  classes  (adults  or  boys),  approved  by  the  ^ 
Science  and  Art  Department,  and  open  at  any  time  to  the 
visit  and  inspection  of  its  officers.  The  Managers  of  an 
EQ^entary  School  under  the  Inspection  of  the  Education 
Department  can  pennit  their  premises  to  be  used  for  Sdence 
teaching,  provided  that  no  interference  be  allowed  with  the 
primaiy  purposes  of  such  Elementary  School,  or  in  any  way 
with  the  three  attendances  of  the  Elementaiy  School. 

Scholarships  and  Exhibitions. 

XXIX.  The  detailed  rules  are  given  at  p.  18.  Biementory 
These  provide  for  two  forms  of  scholarship  in  con-  l^oUtfships. 
nection  with  elementary  schools  whether  receiving 

State  aid,  as  such,  or  not.  The  first  of  these  is  the 
elementary  school  scholarship.  51.  are  granted  to  the 
managers  of  my  elementary  school  for  the  support  of 
a  deserving  pupil  if  they  undertake  to  support  him  for 
a  year  and  subscribe  5/.  for  that  purpose.  One  such 
sdbolarship  is  allowed  per  100  pupils  in  the  school. 
The  selection  of  the  pupil  for  the  scholarship  is  to  be 
by  competition;  the  details  of  this,  however,  the 
managers  of  the  school  may  arrange  as  they  please, 
subject  to  the  approval  of  the  Science  and  Art 
Department.  The  payment  of  5L  by  the  Science 
and  Art  Department  is  made  condmonal  on  the 
scholar  passing  in  a  branch  of  science  at  the  May 
examination. 
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XXX.  The  second,  a  more  advanced  scholarship, 
is  the  Science  and  Art  Scholarship,**  of  which,  again, 
there  may  be  one  per  100  pupils.  The  Science  and 
Art  Department  makes  grants  of  10/.  towards  the 
maintenance  for  one  year  of  the  most  deserving  pupil 
or  pupils  in  an  elementary  school  who  may  have  taken 
a  first  grade  in  elementary  Geometry  and  Freehand 
or  Model  Drawing,*  and  passed  in  some  branch  of 
Science,  provided  that  the  managers  of  the  school 
undertake  to  support  him  for  one  year^  and  subscribe 
51.  for  that  purpose^  on  condition  that  at  the  end  of 
the  year  the  scholar  obtains  at  least  a  first  class  in 
the  elementary  stage  in  the  subject  of  science  in 
which  he  originally  passed,  or  passes  in  some  other 
subject.t  In  both  these  cases  the  scholar  must  be 
from  12  to  1 6  years  of  age. 

XXXL  Thirdly  for  advanced  scientific  instruction, 
the  Minute  offers  local  exhibitions  to  enable  students 
to  complete  their  education  at  some  college  or  school 
where  scientific  instruction  of  an  advanced  character 
may  be  obtained.  The  Science  and  Art  Department 
will  make  a  grant  of  25/.  per  annum,  for  one,  two,  or 
three  years  for  this  porpose  when  the  locality  raises 
a  like  sum  by  voluntary  subscriptions.  And  if  the 
student  attend  a  State  school,  such  as  the  Royal 
School  of  Mines  in  London,  the  Royal  College  of 
Chemistry  in  London,  or  Royal  College  of  Science 


that  the  Exhibition  is  awarded  in  competition,  the 
branch  or  branches  of  science  for  which  may  be  fixed 
by  the  locality,  and  that  the  student  pursues  his 
studies  satisfactorily  (see  p.  19)* 

XXXIL  Royal  Exhibitions,  of  the  value  of  50/. 
per  annum  tenable  for  three  years,  to  the  Royal 
School  of  Mines,  London,  and  the  Royal  College  of 


*  The  examination  in  drawing  can,  where  there  is  no  Are 
Certificated  Teacher,  be  held  by  tiie  Science  Class  CommUtee^  to 
whom  the  necessary  papers  will  be  sent, 

t  Afler  May  1869  this  conditiou  will  be:  —  pasaes  ia  the 
{ulvanced  or  second  grade  paper. 


It  is  a  condition 
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Sdence,  Dublin  {see  pp.  20, 21)  are  given  in  competi- 
tion at  the  May  examinations. 

XXXIII.  Whitworth  scholarships  of  the  value  of 
lOOl.  per  annum,  tenable  for  two  or  three  years,  are 
also  given  in  competition  at  the  Mav  examinations. 
The  special  conditions  which  have  been  framed  f<nr 
these  can  be  obtained  on  application. 

Building  Grants. 

XXXIV.  A  grant  in  aid  of  a  new  building,  or  for 
the  adaptation  of  an  existing  building,  for  a  school  of 
Science  may  be  made  at  a  rate  not  exceeding  2^.  6^^. 
per  square  foot  of  internal  area,  up  to  a  maximum  of 
500/.  for  any  one  school,  provided  that  the  school — 

a.  be  built  under  the  Public  Libraries  Act  ( 1 3  &  14 
Vict.  c.  65. ;  18  &  19  Vict.  c.  70. ;  29  &  30  Vict, 
c.  114.)  ;  or — 

b.  be  built  in  connexion  with  a  School  of  Art  aided 
by  a  Department  building  grant. 

And  provided  that  there  is  a  population  in  the 
neighbourhood  which  rec[uires  a  School  of  Science ; 
that  it  is  likely  to  be  mamtained  in  a  state  of  effi- 
ciency ;  and  diat  the  site,  plans,  estimates,  specifica- 
tions, title,  and  trust  deeds  are  satisfactory. 

Apparatus  Grants. 

XXXV.  A  grant  towards  the  purchase  of  appa-  Grants  for 
ratus,  diagrams,  &c.,  of  50  per  cent,  on  the  cost  of  -^pp"*^ 
them,  is  made  to  Science  Schools  and  Classes  in 
Mechanics*  and  similar  institutions  with  a  properly 
constituted  Committee  (see  §  IX.).    A  requisition 

must  in  these  cases  be  made  on  Science  Form 
No.  49.    (See  page  31). 

Teachbrs*  Visits  to  London. 

XXXVI.  Science  teachers  who  have  taught  two 
years  consecutively  and  passed  not  less  than  30 
students  each  year,  are  allowed  2nd  class  railway 
fare  and  3/.  towards  their  expenses  while  living  in 
London  for  the  purpose  of  visiting  the  South  Ken- 
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sington  Museum  and  other  Metropolitan  institutions, 
in  order  that  they  may  acquire  for  the  benefit  of  their 
students  a  knowledge  of  the  latest  progress  in  those 
educational  subjects  which  affect  the  schools,  on 
condition  that  they  remain  there  five  days  at  least 
(^eeform  of  application). 

N.B. — On  the  next  page  wiU  he  found  a  table  of 
memoranda  for  the  use  of  Secretaries  and  Mem- 
bers of  Science  Committees  {Science  Formj 
No.  170)  which  it  is  expected  will  be  carefully 
attended  to.  This,  as  well  as  the  other  Forms 
given  in  the  Directory,  can  be  had  on  appli- 
cation to  the  Secretary,  Science  and  Art 
Department. 
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APPENDIX. 


SCIENCE  FORM,  No.  170. 
MEMORANDA  FOR  THE  USE  OF  SECRETARIES 
MEMBERS  OF  SCIENCE  COMMITTEES. 


AND 


Dates. 
Ist  November 


Constantly  -   -  - 

Before  dlst  March 
Before  19th  April - 
On  the  21  St  April 


During  the  May 
examinations. 


On  the  evening  of 
examination. 


After  the  May  ex- 
aminations. 


Form  No.  120.  The  Report  mforming  the  bepart- 
ment  of  the  existence  of  a  school  must  be  care- 
fully filled  in  and  sent  immediately  on  its  opening, 
or  if  it  be  an  old  school,  on  its  re-assembling 
after  the  vacation.  This  must  be  accompanied 
or  closely  followed  by  Form  No.  88,  forming  the 
Committee,  or  No.  168,  continuing  a  Committee. 

To  visit  the  School  and  see  that  the  Register  is 
kept  ttom  day  to  day,  and  that  everything  is 
regular. 

To  send  Form  No.  119  applying  for  examination  in 
May. 

To  see  that  Form  No.  91  is  hung  up  in  the  School- 
room. 

If  a  parcel  containing  (1)  the  papers  for  the  candi- 
dates to  work  upon,  (2)  copies  of  Form  No.  91, 
one  for  each  day's  examination,  and  (3)  envelopes 
in  which  to  return  the  worked  papers,  shotdd  not 
have  been  rcioeived,  oy  if  there  shotdd  be  any 
mistake  in  the  numbers  sent  for  each  subject  as 
applied  for,  or  in  the  covering  letter,  to  communi- 
cate at  once  to  the  Department. 

The  examination  papers  for  each  evening  will  leave 
London  by  the  night  mail  two  evenings  before, 
i.e.,  Thursday  evening  papers  will  leave  on  Tues- 
day evening,  Friday's  on  Wednesday  evening, 
etc.  Should  they  not  arrive  accordingly,  a  tele- 
gram to  be  sent  at  once  to  the  Department. 

The  candidates,  being  all  seated  at  6.50,  to  read 
out  the  rules  on  Form  No.  91,  then  give  out  the 
papers  to  be  worked  on.  Then  at  6.55  to  break 
the  seal  of  the  examination  papers  and  distribute 
to  the  candidates.  To  adhere  rigidly  to  the  rules 
on  Form  No.  91.  To  sign  Form  No.  91.  To 
seal  up  the  papers  in  one  of  the  envelopes  pro- 
vided and  at  once  post  them. 

On  receiving  lists  of  the  results  to  give  one  copy 
to  each  candidate  whose  name  appears  in  it  as 
being  successful;  io  inform  the  otners  they  have 
failed. 

To  return  Form  No.  161  filled  up  as  soon  as 
possible  in  strict  accordance  with  the  rules  on 
Form  No.  110,  (Prize  List).  To  examine  and 
certify  Teacher's  claims  for  payment,  Form 
No.  ol,  and  the  School  Register,  which  must 
be  sent  up  at  the  same  time.  To  return  Form 
No.  108. 
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SCHOLARSHIPS  AND  EXHIBITIONS, 

Minute  of  21  st  December  1867,  as  modified  by  Minute  of 
16th  January  1869. 

My  Lords  consider  the  subjeot  of  scientific  instruction  with  a  view  to 
its  further  enooura^fement  and  diffusion, 

1.  JIThey  refer  to  the  Science  Directory  of  the  Science  and  Art  Depart- 
ment, and  to  the  Minute  of  the  Education  Department  of  the  20th 
Februaiy  1867,  making  additional  grants  for  secular  instruction  to 
elementary  schools. 

2.  In  order  to  assist  the  artizan  classes  who  m^y  show  an  aptitude 
for  scientific  instruction,  my  Lords  resolve  to  aid  lo^  efforts  in  found- 
ing scholarships  and  exhibitions.  The  scholarship  is  intended  to  main- 
tain the  student  while  remaining  at  the  elementaz^  school,  and  the 
erhibition  to  support  him  while  pursuing  his  studies  at  some  central 
institution  where  the  instruction  is  of  a  high  grade. 

3.  Local  SokolarMps. — ^These  are  of  two  kinds,  the  Elementary 
School  Scholarship  and  the  Science  and  Art  Scholarship. 

4.  Elementary  School  Scholarships, — ^The  Science  ana  Art  Department 
wiU  make  a  grant  of  SI.  towards  the  maintenance  of  a  deserving  student 
to  the  managers  of  any  elementary  school  who  undertake  to  support 
him  for  one  year  and  subscribe  also  at  least  51,  for  that  purpose. 

5.  Comditum$, — 

a.  With  any  number  of  scholars  up  to  100  on  the  register  of  the 
school  there  can  be  but  one  such  Scholarship ;  above  100  and  up 
to  200  two  Soholmhips^  and  so  on  for  each  100. 

The  Scholarship  or  Scholarships  must  be  awarded  in  compe- 
tition to  the  most  suooessful  student  or  students  in  some  examina- 
tion of  the  school.  The  absolute  terms  of  the  competition  and  the 
award  of  the  Scholarship  will  be  left  to  the  managers  of  the  school, 
subject  to  the  approval  of  the  Science  and  Art  Department. 

0.  The  schohur  must  be  an  artisan  or  poor  stuaent  as  defined  by 
the  Science  Directory,  and  be  between  12  and  16  years  of  age. 

d.  He  must  not  be  the  teacher,  pupil-teacher,  or  other  paid 
servant  of  a  school. 

«.  He  must  continae  regularly  to  attend  the  day  school,  and — 

/.  Obtain  at  least  a  third  cUss  in  the  elementary  stage  in  some 
one  or  more  branches  of  science  at  the  succeeding  May  examination 
of  the  Science  and  Art  Department,  after  which  the  Department 
grant  of  5/.  will  be  paid. 

6.  These  grants  will  be  made  from  year  to  year  on  the  condition  that 
the  student  each  year  pass  in  a  new  subject  or  in  a  higher  grade  of  the 
same  subject  in  which  he  first  passed.  It  will  be  for  the  locality  to 
determine  for  how  many  years  the  student  may  hold  the  scholarship, 
but  in  no  case  can  he  be  allowed  to  hold  it  for  more  than  three  vears. 

7.  The  Sdenoe  and  Art  Department  will  hereafter  consider  such 
slterations  in  these  conditions  as  appear  necessary. 

8.  The  Science  and  Art  Scholarships.— The  Science  and  Art  Depart- 
ment will  make  a  grant  of  lOl.  towivds  the  maintenance  of  a  student  at 
an  elementary  school  who  has  taken  a  first  grade  in  Freehand  or  Model 
Drawing  ana  Elementary  Geometry  {see  Art  Directory),  and  passed  in 
one  of  the  subjects  of  Sdeace,  prodded  that  the  managers  of  the  school 
nndertake  to  support  him  for  one  yearjand  subscribe  51.  for  that  purpose. 

9.  Conditions. — 

a.  With  any  number  of  scholars  up  to  100  on  the  register  of  the 
school  tiiere  can  be  but  one  such  Scholarship ;  above  100  and  up 
to  200  two  Scholarships,  and  so  on  for  each  100  scholars. 
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b.  The  Scholarship  or  Scholarships  will  be  awarded  to  the  most 
successfiil  student  or  students  in  the  school. 

c.  The  scholar  must  be  an  artixan  or  poat  student  as  defined  by 
the  Science  Directory,  of  between  12  and  16  years  of  af^e. 

J.  He  must  not  be  the  holder  of  an  Elementary  School  Scholar- 
ship, the  teacher,  pupil-teacher,  or  other  paid  servant  of  a  school, 
e.  He  must  continue  regularly  to  attend  the  day  school,  and — 
/•  Obtain  at  least  a  fint  class  in  the  elementaiy  stage  of  the 
subject  of  Sdenoe  in  which  he  has  already  passed,  or  pass  in  some 
other  subject. 

ff.  In  each  year  of  holding  the  Scholarship  he  must  pass  either 
in  a  higher  grade  of  the  same  subject  or  in  a  new  subject. 

10.  Loceu  Exhibitions. — The  Science  and  Art  Department  will  make 
a  gmnt  of  25/.  per  annum  to  the  Managers  of  any  school  or  educational 
institution,  or  any  Local  Committee  formed  for  the  purpose,  who  will 
ndse  the  like  sum  by  voluntary  contribution  for  the  mamtenance  of  a 
student  at  some  college  or  school  where  scientific  instmction  of  an 
advanced  character  may  be  obtained.  The  exhibition  may  last  for  one, 
two,  or  three  years. 

11.  CondittoHS,^ 

a.  The  exhibition  must  be  awarded  in  competition  in  one  or  more 
branches  of  science  at  the  May  examination  of  the  Science  and  Art 
Department.  The  managers  may  select  any  branch  or  branches  of 
science  for  thie  competition,  and  if  more  than  one  be  taken  they  may 
fix  any  relative  amount  of  marks  they  consider  best  to  assign  to 
them. 

b.  The  place  where  the  student  is  to  pnrsae  his  studies  may  be 
fixed  by  the  managers  sulgect  to  the  approval  of  the  Science  and 
Art  Department.  If  a  Government  institution  be  selected,  such  as 
the  Royal  School  of  Mines  or  Royal  College  of  Chemistry,  London, 
or  the  Royal  College  of  Science,  Dublin,  the  fees  of  the  student  will 
be  remitted. 

c.  I'he  exhibitioner  must  be  of  the  artizan  class  or  a  poor  student, 
as  defined  by  the  Science  Directory. 

d.  The  grant  of  the  Department  will  be  paid  from  year  to  year 
on  condition  that  a  like  payment  has  been  made  by  the  managers 
or  Local  Committee,  and  that  the  student  has  pursued  his  studies 
satisfactorily  according  to  regukitions  fixed  by  the  Department. 

12.  Transmit  a  copy  to  the  Treasury  and  request  sanction  to  provide 
in  the  estimate  for  the  increased  expenditure  likely  to  be  occasioned  by 
this  Minute.  ^ 

^.o^  -By-jlomentary  school  is  understood  any  school  where  elementm  instruction 
is  given,  whether  aided  by  the  State  or  not.  '  *i«".n«,Muu 

Localities  wishing  to  apply  for  these  scholarships  and  exhibitions 

should  write  for  the  following  forms  :  

For  a  Local  scholarship      -         -  Nos.  280,  281,  282. 
„    Science  and  Art  scholarship  -   Nos.  283,  284,  286. 
„    Local  exhibition        -         -   Nos.  286,  287,  288. 
The  first  form  in  each  case  should  be  returned  filled  up  by  the  Ist 
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EXHIBITIONS  AND  FREE  ADMISSIONS  AT  THE  ROYAL 
SCHOOL  OF  MINES,  LONDON,  AND  THE  ROYAL 
COLLEGE  OF  SCIENCE,  DUBLIN. 

Royal  Exhibitions. 

1.  There  are  nine  Royal  Exhibitions  to  the  Royal  School  of  Mines, 
Jermyn  Street,  and  nine  to  the  Royal  College  of  Science^  Dublin,  of  the 
valne  of  50/.  per  annum  each,  entitling  the  holders  to  free  admissions 
to  all  the  lectures,  and  to  the  Chemical  and  Metallurgical  Laboratories  at 
those  two  Institutions,  to  be  held  from  year  to  year  for  three  years,  on 
the  condition  that  the  holder  attends  the  lectures  regularly  during  those 
yean,  and  passes  the  examinations  required  for  the  associateship  of  the 
School. 

At  the  May  1869  examination  six  of  the  above  Royal  Exhibitions, 
viz.,  three  to  the  Royal  School  of  Mines,  and  three  to  the  Royal  College 
of  Science,  will  be  open  for  competition  independently  of  the  prizes,  &e. 
ofered  by  the  Science  and  Art  Department. 

All  persons  over  21  years  of  age,  excepting  artisans,  and  such  as  come 
within  the  cateffoiy  of  persons  paid  upon  under  the  Science  Directory, 
will  be  excluded  from  competing  for  the  Royal  Exhibitions.  Speda) 
cases,  however,  must  be  determined  according  to  the  spirit  of  the  rules, 
and  the  object  of  the  endowment. 

The  competition  for  the  Royal  Exhibitions  will  be  determined  by 
affixing  the  following  values  to  the  several  results  of  tiie  May  examina- 
tion, via. : — 


Por  Sid  dus  in  Elementary  Stage  • 
ForlDd  „  .  .       -  . 

FarUt  „  »       -  - 

For  2nd  „    in  Adranoed  Stage 

If  prarioualy  suooeasftil  in  Elementavy  Stage 
For  Isk  class  in  Advanced  Stage 

If  previoiubrtoooessfld  in  Elementary  Stage  • 
And  in  addition  to  the  first  five  in  the  Ut  claaa  in  Ad* 

Tanced  Stage  6»  4, 8,  8»and  1  marks,  if  more  than  90  por 

cant,  of  marks  have  been  obtained. 


Marks. 
1 
3 
6 


For  honours^ 

2nd  class  -  •  •  -  -  -  •  -  14 
Ist  class    -        -        -        •  ...  17 

But  no  candidate  will  be  allowed  to  take  an  Exhibition  who  has  not 
obtained  at  least  a  1st  class  in  the  Elementary  Stage  in  Elementary 
Mathematics. 


Fbbb  Admissions. 

2.  Free  admissions  to  the  lectures  at  the  Royal  School  of  Mines, 
Jermyn  Street^  or  the  Royal  College  of  Science,  Dublin,  are  granted  to 
any  person  who  takes  a  gold  medal  in  the  May  examination. 
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Form  of  Application  for  the  Royal  Exhibitions  to  the  Royal 
School  of  Mines,  Jennvn  Street,  London,  and  the  Royal 
College  or  Science,  Dublin. 

 ^Namo  of  School. 

We  the  undersigned  hereby  certify  that  _     .  ^who 

was  a  candidate  at  the  recent  May  Examination  for  the  Royal  Exhibitions 
at  the  Royal  School  of  Mines,  and  the  Royal  Ck>llege  of  Science*,  Dublin, 
obtained  the  following  successes : — 


and  that  he  is  fairly  described  as  under— • 
L  Under  21  yean  of  age : —  or, 

2.  An  artisan  or  operative  in  the  receipt  of 

weekly  wages,  supporting  himself  by 
his  own  manual  labour,  or  the  child  of  < 
such  not  earning  his  own  livelihood : — or, 

3.  Although  not  an  artisan,  yet  such  as  may 

fairly  oe  considered  a«  belonging  to  the 
industrial  classes,  as  coming  within  one 
of  foUowing  categories,  or  being  the 
child  of  one  who  does. 
at  Though  paid  at  longer  intervals  than  a 
week  still  supporting  himself  by  his  o^'n 
manual  labour  and  not  by  profit  on  the  { 
labour  of  others,  that  is,  not  employing 
apprentices,  journeymen,  etc. 

b.  Though  not  supporting  himself  by  manual 

labour,  yet  being  of  the  same  means  and 
social  level  as  those  who  do  so,  (such  as 
shopkeepers  who  have  only  petty  stocks 
and  employ  no  one  but  members  of  their 
own  fieunily,)  policemen,  ooast-guards, 
etc. 

c.  Though  not  supporting  himself  by  manual 

labour,  yet  such  as  it  would  be  unreason- 
able to  expect  to  pay  the  fee  of  middle 
class  students,  as  some  description  of 
clerks,  shopmen,  etc.,  and  we  certify 
that  they  or — ^in  case  they  are  not  earning 
their  own  livelihood — ^ueir  fathers  are 
not  assessed  to  the  income  tax. 

4.  That  he  is  entitled  to  be  considered  as  a 

special  case  on  the  following  grounds : —  ; 


  f  Chairman  or 

\  Secretary, 

  f  Two  members 

 <      of  the 

L  Committee, 

•  After  each  uamo  must  be  Btated  nU  the  successes  of  the  candidates  at  the  Jliy 
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SCIENCE  FORM,  No.  88. 


LOCAL  COMMITTEES  FOR  SCIENCE  SCHOOLS 
AND  CLASSES. 

1.  A  Local  Committee  of  not  less  than  five  well-known  responsible 
persons  must  be  formed  in  connexion  with  every  Science  class,  m  order 
to  comply  with  the  necessary  requirements  of  the  Science  and  Art  De« 
partment,  and  to  carry  out  various  arrangements  on  its  behalf  necessary 
far  testing  the  efficiency  of  the  science  instnictioni  on  the  proof  of  n^hich 
alone  the  aid  of  the  Department  is  given. 

2.  The  gentlemen  proposed  to  act  ott  this  Committee  are  to  fill  in  the 
form  on  the  next  page,  stating  their  willingness  to  carry  out  the 
necessary  arrangements  Ibr  examinations^  8co*,  and  giving  the  address 
and  occupation  of  each  member. 

3.  The  relation  of  the  Committee  to  the  teacher  of  a  Science  school  or 
class  vvill  vary  much  according  to  the  varying  circumstances  of  different 
looalitiesi  With  this  and  other  local  arrangements  the  Science  and  Art 
Department  does  not  interfere,  but  leaves  them  to  the  locality  to  settle. 

4.  The  Science  and  Art  Dep&i^ment  reduires  that  the  Local  Committee 
•hall-- 

a.  Be  responsible  for  the  safe  custody  of  all  apparatus  towards  the 
purchase  of  which  the  Department  has  paid  60  per  cent< 

b.  Provide  a  room  or  rooms  of  sufficient  size  to  cany  out  the  annual 
e^camination  accordhi^  to  the  detailed  regulations  utider  that 
headi  This  examination  is  of  aU  persons  who  wish  to  present 
themselves,  and  not  only  of  those  taught  by  the  qualified  teacher; 
but  those  persons  who  are  not  taught  by  the  qualified  teacher 
must  send  in  their  names  before  the  26th  March^  and  may  be 
required  to  pay  a  registration  fee  of  2s,  6d.  for  the  whole 
examination* 

c.  See  that  a  school  register,  showing  the  attendance^  number  of 
lessons,  payment  of  fees.  Sic,  on  an  approved  form,  be  kept 
properly  filled  up^  and  sent  to  the  Science  and  Art  Department 
when  required. 

d.  Send  to  the  Secretary  of  the  Science  and  Art  Department  the  list 
of  students  to  be  examined,  before  the  end  of  March,  specifying 
the  sabjjects  in  which  they  are  to  be  examined.  That  they  shaU 
be  responsible  for  conducting  and  superintending  the  examina- 
tion i  giving  out  thfe  examination  papers  whicli  will  be  sent  for 
that  pUipose :  seeirlg  them  \^orkea  mrly  aiid  certifying  to  the 
flftine,  fiot  less  that!  thie^  of  the  Committee  being  always  present : 
afld  Mttdifig  the  wdMced  pftper^,  tindet  sM,  hf  the  da^s  post  to 
the  Secretary  of  the  Science  and  Art  DepartitiiEftlt. 

Certify,  firstly,  that  those  student*  an  Whos^  ekamination  the 
t«achef  bades  his  elaitn  to  payments  on  results,  to  &rti2ans  or 
operatives,  or  theif  childreti,  at  cftn  dlahn  fts  such  (see  Science 
Form,  No.  61) ;  and,  secondly,  that  they  have  received  25  lessons 
ftt  leftst  fttsm  the  teachei'  in  the  year  or  since  the  last  exami- 
nation, on  their  passing  fet  which  iiayment  was  clahncd  on  their 
account. 
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5.  The  Science  school  or  class  must  be  at  all  times  open  to  the  visit 
and  inspection  of  the  officers  of  the  Science  and  Art  Department  as  a 
condition  to  the  grant  of  aid  from  it ;  if  at  any  time  it  is  found  that  the 
apparatus,  &c.,  towards  the  purchase  of  which  a  ^rant  has  been  made  is 
not  properly  taken  care  of,  or  that  a  proper  room  with  firing,  lighting,  &c., 
is  not  provided  for  the  class,  the  aid  of  the  Department  will  be  with- 
drawn. 


Form  of  Application  to  act  as  a  Committeb  for  a  SciBiros  School  or  Class. 
We  the  undersigned, 

[/.  The  Committee  BhaU  be  composed  entirely  of  well-known  responsible  penons 
of  position  who  are  quite  independent  of  the  school  or  class,  and  who  nave  no 
soch  personal  interest  in  it  as  can  lay  them  open  to  the  slightest  suspicion  of 
partiality;  and  of  course  no  member  should  be  connected  with  the  Teacher, 
have  any  pupils  for  examination,  or  be  a  pupil  himself. 

g.  It  is  veiy  desirable  that  as  many  persons  as  possible  in  recognised  positions  of 
public  responsibility  in  the  district,  such  as  Magistrates,  Municipal  Autho- 
rities (Mayor.  Aldermen,  or  Town  Councillors) ,  Heads  of  Educational  Estab- 
lishments (IVustees  of  Grammar  Schools,  Managers  of  National  Schools), 
Clerfmnen,  Ac,  should  be  on  the  Committee. 
A.  It  is  absolutely  necessary  that  at  least  two  such  responsible  persons  should 
agree  to  act. 

i.  The  Committee  must  consist  of  a  Chairman,  Secretary,  and  at  least  three  other 
Members. 

k.  The  Chairman  must  be  a  Magistrate,  Mayor,  Boroughreeve,  ProTOst,  or  Alder- 
man, or  other  public  officer  of  recognised  position.  Trustee  of  Grammar 
School,  or  Clergyman  of  the  Established  Church  in  parochial  employment. 

I.  The  Chairman  of  ihe  Committee  will  inform  My  Lords  as  to  the  constiturion  of 
the  Committee  being  in  accordance  with  these  requirements. 

»N.  The  Secretsiy  of  the  Committee  of  the  Science  School  or  Class,  aa  being  the 
medium  of  communication,  will  cany  on  all  correspondence  with  the  Science 
and  Art  Itopartment,  and  is  held  responsible  for  making  out  and  sending  all 
returns  required,  for  the  receipt  and  distribution  of  the  examination  papers, 
the  transmission  of  the  worked  pi^iers,  Ac.,  at  the  proper  times  according  to 
the  regulations ;  and  in  consequence  of  the  necessanr  demands  on  his  time 
and  trouble  My  Lords  have  sanctioned,  proTisionally,  the  payment  to  him 
of  the  following  fees 12.  annually  for  furnishing  the  returns,  Ac.  spedfled  on 
Science  Form,  If  o.  170,  connected  with  any  Science  school  or  class,  and  ll.  in 
addition  for  each  day's  examination  held  t)y  the  Committee  to  which  he  is 
Secretaiy.  TheSecretary  must  be  a  member  of  the  Committee;  the  require- 
ments in  par.  1  apoly  equally  to  him. 

«.  This  form  is  to  be  filled  in  and  returned  to  the  Department  annually  imme- 
diately on  the  ro  assembling  of  the  dass  after  the  summer  vacation,  except 
in  the  case  of  new  schools  or  classes,  when  it  should  be  made  as  soon  as  th^ 
are  formed.] 


propose  to  act  as  the  Local  Conunittee  for  the  Science  Class  held  at 


and  taught  by.  

We  tmdenake  for  the  year  at  least,  and  ftirther  till  another  Committee 

satisfhctory  to  the  Science  and  Art  Department  has  been  appointed, 

1.  To  be  responsible  for  the  safe  custody  of  all  the  Apparatus,  Dia- 
grams, &c.,  towards  the  pmrchase  of  which  the  Department  has  in  any 
way  contribated. 

3.  That  three  or  more  of  our  number  wiU  be  ready  at  the  wpomted  time 
to  be  present  at,  and  superintend,  the  examinations  or  the  Science 
Qass  accordmg  to  the  instructions  of  the  Science  and  Art  Depart- 
ment, and  give  the  teacher  the  necessary  vouchers. 

3.  That  a  room  or  rooms  shall  be  provided  for  the  due  carrying  out  of 
such  examination,  according  to  the  rules  of  the  Department,  providing 
sufficient  space  for  the  examination,  not  only  of  aU  persons  taught  by 
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the  certificated  teacher,  but  of  all  others  who  may  wish  to  attend  the 
exanuDatioii. 

(A  fee  of  not'  more  thui  2».  ^  may  be  chaned  on  each  applicant  for 
esamination  who  ia  not  a  student  in  the  clau,  to  reimburse  the  Committee  in 
anj  extra  expenses  they  msy  be  put  to  in  providing  a  room). 

4.  That  the  School  or  Class  shall  be  open  at  any  time  to  the  visit  and 
inspection  of  the  Officers  of  the  Science  and  Art  Department 

NoTB.>- The  school  or  class  will  be  inspected  periodically  by  an  officer  of 
the  Bdenoe  and  Art  Department,  who  will  report  whether  the  remla- 
tiens  be  strictly  canried  oat  At  his  visit,  of  which  due  notice  will  be 
given,  a  meeting  of  the  Committee  must  be  held  to  reoeive  him,  at 
which  as  many  of  the  members  as  possible  are  expected  to  attend. 


Addkbss. 


Von.— On  the  formation 
of  Committees  this  form 
should  be  signed  at  a 
genersi  meeting. 


CMnaaa. 


Occupation,  specially  stating 
how  fkilfUling  the  conditions 
of-^."Mld'**."abo^e. 


Seerwtarjf. 


I  certify  that  this  Committee  complies  with  the  requirements  of  the  rules 


Chairman, 


The  Secretary, 

Science  and  Art  Department 


ThU  form  may  bt  had  on  application  lo  the  Secretary,  Science  and  Art 
Dtpartmentf  South  Kensington, 


SCIENCE  FORM,  No.  168. 


Where  the  same  Committee  proposes  to  act  again  it  will  not  be  neces- 
sary to  re-sign  the  alx)Te,  No.  88>  out  only  to  hold  a  meeting  and  fill  up 
this  form.  No.  168,  which  may  be  had  on  application. 
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SCIENCE  FORM,  No.  88  a. 

LOCAL  COMMITTEES  FOR  SCIENCE  SCHOOLS  AND  CLASSES 
NOT  RBCEIVINQ  AID  PROM  BITT  EXAMINED  BY  THE 
SCIENCE  AND  ART  DEPARTMENT. 

This  Fojm  is  a  modification  of  the  preyious,  No.  88.,  and  may  be  had  on 
application  to  the  Secretary)  Science  and  Aft  Department,  Sottfh  Kensington. 


SCIENCE  FORM,  No.  120. 

SCIENCE  CLASSES  UNDER  TEACHERS  QUALIFIED  TO  EARN 
PAYMENTS. 

Annual  Report  of  Science  School  or  ClA89, 

To  be  made  on  its  establishment,  and  annually  immediately  on  the  re-assem- 
bling of  the  class  a^r  the  summer  vacation. 

In  all  cases  this  form  most  be  sent  in  before  the  1st  November. 

Name  of  Town  

Place,  as  Mechanics*  Institution,  &c.,  in  which  the  Gasses  are  held  

Name  of  Street,  No.,  &c.  

Name  of  Teacher  or  Teachers  ^  

Their  private  addresses  

Total  No.  of  individual  Students  

(If  a  student  attends  two  or  more  classes  he  must  onlj  be  counted  as  one  student.) 


Classes  in 
(state  subject). 

Fees. 

No.  of 
Students. 

Days  on  which 
they  meet. 

Hours  of 
Meeting. 

Period  of  the  Tear 
during  which 

the  Classes  ccntinuc. 
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for  examination  - 
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SCIENCE  FORM,  No.  51. 
SCIENCE  AND  ART  DEPARTMENT  OF  THE  COMMITTEE  OF 
COUNCIL  ON  EDUCATION,  SOUTH  KENSINGTON. 

Application  from  ^  Science  Teacher  in  

Schtxd  or  Institution  at  for  payment. 


On  behalf  of  the  Committee  of  Management  of  this  School,  We  do  hereby 
certify . — 

(1.)  That  Mr.  has  dnly  performed  the  Tariona  duties 

derolTing  npon  him  as  a  Science  Teacher  in  the  School,  daring  the 
 ending  day  of  186  . 

(2.)  That  he  has  given  the  following  Students  at  least  25  lessons  daring 
the  year,  or  since  the  last  examination  at  which  payment  was  claimed 
on  their  account,  in  each  subject  for  which  payment  is  claimed. 

(3.)  That  the  under-mentioned  students  are  artizans  or  operatives  *  in  the 
receipt  of  weekly  wages,  supporting  Uiemselves  bg  their  own  manual 
labour  i  or  their  children  not  earning  their  own  livdUiood, 

Examined  and  certified  at  a  meeting  of  the  Committee  held  for  that 

purpose  at     .     on  day  of  

  Secretary. 


Two  mem- 
bers of 
Committee. 


I  hereby  certify  that  the  following  particulars  are  correct 

 Teacher. 

State  how  qualified  to  earn  payment. 

NiJfBS  OF  PAB8ED  ArtUAN  OD  OpBRATirp.  StUDEWTS,* 

N.B.— The  names  of  the  students  must  be  arranged  alphabetically.  After  each  stu- 
dent's name  must  be  placed  his  several  successes  (If  he  has  more  than  one) ;  and 
in  the  last  oolumn  the  amount  claimed  on  each  success  after  making  the  proper 
deductions. 


Sumamfi. 

Christian 
Name  in 
fall. 

II 

Trade,  or 
father's  trade. 
(State  which 
is  given). 

Position  at 
the  late 
Examination. 

Highest  Position 
in  same  Sufajeot 
at  any  previous 
Exaioiuation. 

ment 
claimed. 

•SubjMt.  1  CUu. 

&c. 

*  Should  the  Teacher  have  Instructed  any  Students  who  may  lUrly  be  oonaiderad  to 
belong  to  the  industrial  classes,  but  whose  wages  are  paid  at  longer  intervals  than  a 
week,  or  who  do  not  suppoii  themselves  by  their  own  manual  labour,  the  claims  on 
their  account  must  be  made  by  the  Oommittee  of  the  school  on  the  form  on  ;psge  3, 
when  they  wi  be  considered  on  their  merits. 


Digitized  byGoOglC 


29 


On  bdudf  of  the  Comnuttee  of  the  School,  We,  the  imdenigned,  beg  leare 

to  recommend  that  the  Teacher,  Mr.  .  be  allowed  to 

cbim  the  allowances  on  the  following  students,  whom  we  consider  may  fairly 
be  taken  aa  belonging  to  the  industrial  classes,  as  coming  within  one  of  the 
following  categories,  or  being  the  children  of  such. 

a.  Though  paid  at  longer  intervals  than  a  week,  still  supporting  himself  by 

his  own  manual  labour  and  not  by  profit  on  the  labour  of  others,  that 
is  not  employing  apprentices,  journeymen,  &c. 

b.  Though  not  supporting  himself  by  manual  labour,  yet  being  of  the  same 

meoMM  and  tocial  levd  as  those  who  do  so,  such  as  shopkeepers  (who 
have  only  petty  stocks  and  employ  no  one  but  members  of  their  own 
ftmily),  policemen,  coast-guards,  &c. 
e.  ThoQ^  not  8U|^rting  himself  by  manual  labour,  yet  such  as  it  would 
be  unreasonable  to  expect  to  pay  the  fte  of  middle  class  students,  as 
sonke  descriptions  of  clerks,  shopmen,  &c. 
We  certify  to  the  best  of  our  belief— 
(1.)  That  he  has  given  them  (25)  lessons  at  least  during  the  year,  or  nnce 
the  last  examination  at  which  payment  was  claimed  on  their  account, 
in  each  subject  for  which  payment  is  claimed. 
(S.)  That  they,  or — ^in  case  they  are  not  earning  their  own  liyelihood — their 

ikthen  are  not  assessed  to  die  income  tax. 
(3.)  lliat  the  following  particulars  on  which  the  Teacher  grounds  his 
application  are  correct. 

Examined  and  Certified  at  the  meeting  of  the  Committee  held  for 

thai  purpose  at  _on  day  of  

 Secretary. 

1  Two  mem- 

  I    hers  of 

J  Committee. 


I  hereby  eertiiy  that  the  following  particulars  are  correct 


.Teacher. 


State  how  qualified  to  earn  payment. 

Names  of  Fabsbd  Studbkts  culimwo  as  Industrzal  Classss. 

y.B.— The  names  of  the  students  must  be  arraofced  alphabetically.  After  each  student's 
name  must  be  placed  his  several  successes  (if  he  baa  more  than  one) ;  and  in  the  last 
column  the  amount  claimed  on  each  success  with  the  proper  deductions. 
Under  the  names  of  students  in  ccUegory  **c**  a  line  must  he  drawn. 


Sonuune. 


CSiristian 
Name  in 
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Trade,  or 
fiither'B  trade. 
(State  which 

is  given). 


Forition  at 
the  late 
Bxamiuation. 


Highest  Position 
in  same  suMeot 
at  any  previous 
Examuiation. 


I  as 


Psy. 

ment 
claimed. 


Tha  Seeretary, 

Sdenoe  and  Art  Department 

(The  following  particulars  will  be  filled  up  at  South  Kensington.) 

Examined  and  found  correct  to  the  extent  of  

 day  of  186 

Apptvrved    day  of         _  .DigitizedJ2iLvi0OglC 
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Science  Form,  No.  61. 
South  Kensington,  Jvlj  1668. 

SCIENCE  AND  ART  DEPABTMBNT  OF  THE  COMMITTEE  OF 
COUNCIL  ON  EDUCATION,  SOUTH  KENSINGTON. 
Application  from  John  Smith,  Science  Teacher  in  the  Science  School 
or  Institution  at  Midhuret  for  payment. 


On  behalf  of  the  Committee  of  Management  of  this  School,  We  do 
hereby  certify ; — 

(1.)  That  Mr.  J.  Smith  has  dul^r  performed  the  various  duties  de- 
volving upon  him  as  a  Science  Teaoher  in  the  School,  during 
the  year  ending  3\st  day  of  May  1868 ; 

('2.)  That  he  has  given  the  following  Students  at  least  25  lessons 
during  the  vear,  or  since  the  last  examination  at  which  pavment 
was  claimed  on  their  account,  in  each  subject  for  which  pay- 
ment is  claimed ; 

(3.)  That  the  under-mentioned  students  are  artizans  or  operatives  *  in 
the  receipt  of  weekly  wages,  supporting  themselves  by  their  own 
manual  labour;  or  their  children  not  earning  their  own  livelihood. 
Examined  and  certified  at  a  meeting  of  the  Committee  held  for  that 
purpose  at  the  National  Schoolroom  on  the  10th  July  1868. 

IVm,  Brown,  Secretary. 
John  Jones  J '^J^^- 

I  hereby  certify  that  the  following  particulars  are  correct. 

John  Smith,  Teacher. 
Teacher^  Certifieate  in  Subjects  X.  and  XL,  Ist  Class  hi  May  1867  in  Subjects 

I.  and  XIV. 

Names  of  Passed  Abtizan  or  Opekative  Studkhts.* 

N.B.— The  names  of  the  students  must  be  arranged  alphabetically.  After  each  student's 
name  must  be  placed  his  several  successes  (If  he  has  more  tluui  one) ;  and  in  the  last 
column  the  amount  claimed  ou  each  success  after  miUcing  the  proper  deduction. 


Surname. 


Ohristian 
Name 
infuU. 


-gg?)     Trade,  or 
I  father's  trade. 
5  '  (State  which 
is  given). 


Poaition  at 

the  late 
Examination. 


Sobject.  Class, 


Highest  Posi. 
tion  in  same 
Subject  at 
any  previous 
Examination. 


Parent 
clamed. 


Adams, 
Baiier, 


James, 


John  Wm. 
Henrff. 


<m. 


Carpenter, 
SuteKer  (/) 
Baker  if) 


X. 

XL 
XIV, 
X. 

XL 

L 


let 
2nd 
5th 
let 

4th 
let 


4ith 
2nd 


*  ShoukI  ihiB  Vtaeher  haivo  instructed  any  Students  who  miy  feMy  be  considered  to 
belong  to  the  industrial  classes,  but  whose  waffes  are  paid  at  lomier  intervaU  thain  a 
week,  or  who  do  not  support  themselves  by  their  own  manual  labour,  the  claims  on 
their  aooount  must  be  made  by  the  Ckmunittee  of  the  school  on  the,  form  on  pag«  8, 
when  they  will  be  considered  on  their  merits.  ^.^.^.^^^  GoOglc 
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SGIBNOE  FORM,  No.  108. 


Application  from      _    Secretaay  of  the  Local 

Goininittee  for  the  Sdenoe  ScliobrorClaas  at 

for  pigment  of  flJlowauce  for  duties  ponueotQd  with  ihe  School^  i^nd  for 
sapenntending  tbo  lamination* 


Sib, 

I  hei^by  peytify  that  1  wn  entitled  to  a  payment  of  ^ 

according  to  the  regulations}  of  the  Science  "  Dir^ctpiy     for  duties 

connected  with  the  Science  Class  at   

liaTing  t   students  under  instruction,  of  whom 

 were  examined,  and  for  superintending  the 

arrangements  ibr  carrying  out  the  examination  on  the  undermentioned 

days  in  May,  186     ,1  request  that  the  sum  of  £   , 

bein^  the  authorized  fee,  may  be  paid  to  me. 

JMm  of  lumintttloii.  Dates  of  SxuBinfttkm.  Dafet  of  Bxtminatlon. 


I  am.  Sir, 

Your  obedient  Senrant, 

SHefiee  and  Art  Department. 


CONDITIONS  UNDBR  WHICH  Apparatus,  Instruments,  Books, 

fto.  MAT  BR  OBTAINRD  BY  SciBNCR  ScHOOLS  OR  €|<ASSK8 
(taught    by   a  QUALIPIBD  SciBNCB   TbACHBH),^   IN  PUBI^IC 

Schools,  MBeffAv^fcs*  Institutions,  fre. 

1.  The  Lords  of  the  Committee  of  Couneil  on  Edueation,  having  had 
undsr  their  oonndmtion  leveft^  appUeations  from  the  managers  and 
vaster^  of  Meohanioe'  and  other  Institutions,  for  grants  to  be  made  to 
them-Df  Apparatus  and  lUustrtktipns^  recommended  by  the  Soienee  and 
Art  Department  for  teachinff  science,  think  it  necessarr  to  adopt  some 
general  principle  which  shau  ?^gul«te  the  deoisions  of  Vie  Conunittee  in 
refbr^nce  to  sucb  applications. 


*  £1  aimuAlly  for  ftimiBhlq(r  the  returns,  Ac.  specified  on  Science  Toni\  Ko.  170,  con- 
wssSiil  with  any  fleleiiee  sehool  w  olaas  i  Si  in  addition  ft>r  eaeh  da/s  examination 
MA^lqrUioQoamit^eWwhie^ih^^  .  .  . 

t  As  these  nuinben  sre  required  tor  returna  to  Parliament,  me  must  be  token  that 
ttkesame  inairidiial  is  not  counted  twice  if  he  happens  to  liave  been  a  Student,  or  to 
httv*  oome  up  for  Bxaadnation,  in  mora  than  oqe  subjaet 

I  Anamtnsnot  esosedinilOI.  in^ua  may  he  obtained  by  poor  Sohoola  and  Xa- 
diankar  Institates,  not  taouit  by  a'gualifled  teacher,  under  the  same  conditions,  that 
K  the  Department  wiU  aid  them  to  the  extent  of  61. 
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Their  Lordships  have  already  toUy  recognized  the  great  importanoe  of 
practical  science  to  all  classes  of  the  community,  in  all  relations  of  life. 
They  are,  therefore,  desirous  that  the  Science  and  Art  Department  should 
assist,  as  far  as  possible,  in  promoting  the  distribution  of  diagrams  and 
apparatus  as  the  means  of  accomplishing  this  object;  but  as  the  in- 
discriminate gift  of  these  aids  for  instruction  to  all  applicants  might  lead 
to  abuse,  it  is  necessary  to  require  some  guarantee  tnat  th^  will  be  duly 
appreciated,  which  the  mere  request  to  have  them  does  not  imply. 

The  principle  which  governs  the  whole  proceedings  of  the  Department 
in  all  its  branches  is  to  afford  partial  aid,  and  to  encourage,  but  not 
supersede  public  exertions  in  promoting  education  in  science.  They  have, 
therefore,  resolved  that  the  Department  shall  have  the  power  to  assist 
schools  and  classes  taught  by  a  qualified  teacher  in  Mechanics'  and 
other  institutions  in  purchasing  diagrams  and  apparatus  for  teaching 
science  at  a  reduction  of  50  per  cent,  on  the  net  cost. 

Lists  of  the  scientific  diagrams  and  apparatus  prepared  by  the  Depart- 
ment, according  to  conditions  of  the  following  Minute,  may  be  obttuned 
of  the  Secretaiy  of  the  Science  and  Art  Department,  South  Kensington, 
London,  W.  It  should  be  distinctlv  understood  that  the  aid  of  the 
Department  in  purchasing  these  articles  at  a  reduced  price,  if  above  10/. 
in  value,  can  he  granted  only  to  public  schools  and  institutions  when 
taught  by  a  My  qualified  teacher. 

Minute  of  the  23rd  March  I860. 

"  The  Lords  of  the  Committee  of  Council  on  Education  desire  to  afford 
the  frreatest  facilities  to  teachers  of  science  and  navigation  schools  in 
obtaining  the  best  instruments,  apparatus,  &c.,  for  giving  instruction  in 
science  and  navigation,  towards  the  purchase  of  wnich  the  Science  and 
Art  Department  is  authorized  to  pav  50  per  cent,  of  cost;  and  they  con- 
sider that  the  fullest  opportunities  snould  be  given  to  manufi&cturers  in 
all  parts  of  the  Kmgdom  for  supplying  such  apparatus,  &c.  At  the  same 
time  it  is  necessary  that  the  Science  and  Art  Department  should  have 
some  guarantee  that  the  apparatus  and  instruments  are  of  good  quality, 
and  moderate  in  price.  My  Lords  have  therefore  laid  down  the  following 
rules  and  conditions : — 

"  1.  Samples  of  all  articles  on  the  manufacturer's  list  are  to  be  sent  to 
the  Educational  Collection,  South  Kensington  Museum,  for  exhibition, 
where  they  will  be  arranged  separately,  according  to  the  science  for  which 
they  are  intended,  so  as  to  afford  teachers  and  others  fetdlity  in  inspect- 
ing them  and  making  a  choice. 

**2.  The  manufSacturer  is  to  supplv  priced  catalogues  of  such  articles 
printed  in  demy  8vo.,  in  order  that  tne  various  catalogues  may  be  bound 
up  together  and  supplied  when  asked  for. 

"  3.  The  manufacturer  is  to  guarantee  that  the  articles  exhibited  are 
fair  samples  of  those  specified  in  the  priced  catalogue,  and  he  must  engage 
to  take  oaok  any  article  supplied  to  schools  which  may  be  infierior  to  the 
standard.'* 

Manufacturers  ^nlling  to  comply  with  these  conditions  an  to  make  a 
statement  to  that  effiect,  and  to  send  lists  of  apparatus,  instruments, 
books,  &c.  in  the  following  sciences : — 1.  Practical  plane  and  descriptive 
ffeometrv,  mechanical  and  machine  drawing,  and  building  construction; 
2.  Phjrsics  (mechanical  and  experimental);  3.  Chemistry;  4.  Geology 
and  mineralogy ;  5.  Natural  history  (zoology  and  botany,  vegetable  and 
animal  physiology);  6.  Navigation  and  nautical  astronomy,  and  physical 
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geography.  If  these  Usta  and  prices  are  such  as  can  be  approved  of,  the 
manufigurliirer  will  be  informed,  and  as  soon  as  possible  on  his  fulfilling 
the  conditions,  his  list  wiU  be  inserted  in  the  catalogue.  The  catalogue 
frill  undergo  a  revision  at  least  once  a  year,  when  manufiEicturers  may 
send  any  improved  forms  of  apparatus,  &t?. 

The  selection  of  the  manufacturer  wiU  lie  wholly  with  the  Committee 
of  the  school.  On  their  demand  being  sanctioned,  the  manufacturer  will 
receive  instructions  to  supply  the  articles  upon  his  receiving  the  50  per 
cent,  due  from  the  school. 

On  obtuning  a  receipt  from  the  Committee  of  the  school  (which  is 
included  in  the  form  of  the  requisition)  that  the  articles  have  been 
received,  the  remaining  50  per  cent,  will  be  paid  quarterly  to  the  manu- 
£Bbcturer  by  the  Depar&nent. , 

2.  Payments,  including  charge  for  packing,  must  be  made  in  advance 
to  the  agents  on  receipt  of  the  invoice.  The  goods  to  be  sent  at  the  risk 
of  the  puichftser. 

All  communications  to  be  addressed  to  the  Secretary  of  the  Science 
and  Art  Department,  South  Kensington,  London,  W, 

By  Order  of  the 
Committee  of  Council  on  Education. 

K.B. — Apparatus  grants  will  in  future  be  rigorously  confined  to  articles 
*of  a  permanent  and  non-destructible  nature;  hence  no  aid  will  be 
afforded  in  the  purchase  of  breakable  articles,  such  as  glass  retorts,  test 
tubes,  &c.,  or,  indeed,  generally  in  the  purchase  of  articles  to  be  used  by 
the  student  as  distinguished  from  those  of  a  permanent  and  illustrative 
character  which  are  required  by  the  teacher  ui  giving  instruction  in 
science. 

Grants  are  only  made  in  the  purchase  of  one  object  of  the  same  kind. 
Duplicates  of  apparatus,  &c.  are  not  allowed  at  the  reduced  rate. 

NoTE.-^6cboolB  reqniriQK  aid  in  the  purchase  of  appoTattis  should  apply  for  Form 
49,  and  Also  Ihe  approved  list  of  articles  in  the  subject  required. 
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SCIENCE  FORM,  No.  91. 


Rules  for  thb  Conduct  of  Scibncb  Examinations. 

I.  The  followinff  rules  must  be  hung  up  in  the  examination  room  for 
the  information  of  the  candidates  one  week  before  the  examination. 
They  should  all  be  carefully  read  by  the  members  of  the  Committee. 
Those  marked  with  an  asterisk  must  be  read  aloud  before  the  Committee 
and  the  candidates  on  each  night  immediately  before  the  examination 
begins. 

2*  The  candidates  must  be  seated  at  least  fire  feet  apart,  from  centre 
to  centre. 

3.  *  All  Diagrams,  &c.  must  be  remoTed  from  the  walls  of  the  examina- 
tion room. 

4.  Ink  and  blotting  paper  must  be  provided  by  the  committee.  All 
arrangements  for  the  accommodation  of  candidates  should  be  completed 
by  6.30  p  jn. 

5.  If  one  room  is  used,  three  of  the  Committee  must  be  present  during 
the  whole  of  the  examination,  if  more  than  one  room  then  two  of  the 
Committee  in  each  room,t  who  must  carefully  watoh  the  whole  exami- 
nation and  see  that  candidates  use  no  unfisur  means  dther  by  assisting 
one  another  or  using  books  or  notes.  The  members  of  the  Committee 
can,  if  they  wish  it,  xeUeve  one  another,  as  long  as  the  correct  number 
are  always  present.  No  persons  except  members  of  the  Committee  are 
permitted  to  be  present. 

6.  The  exammation  papers  will  be  forwarded,  under  cover,  to  the 
Secretary  of  the  Committee  so  as  to  be  received  by  him  on  the  morning 
of  the  day  before  that  fixed  for  the  examination. 

7.  *  The  candidates  should  be  in  their  places  at  6.50  p.m.  After  this 
time  no  candidate  must  be  admitted  except  under  very  exceptional 
circumstances,  and  by  express  permission  of  the  Committee,  and  that 
only  if  no  person  has  left  the  room  who  has  seen  the  examination  paper. 
No  candidate  must  on  any  account  be  admitted  sfter  7.30  p.m. 

8.  *  The  examination  papers  must  be  opened  in  the  examination  room 
in  the  presence  of  the  Committee,  at  6.55  p.m.  No  examination  paper 
may  be  taken  from  the  room  till  after  8  p.m. 

9.  *  The  blank  papers  supplied  by  the  Department  must  be  first 
distributed  to  each  candidate,  and  the  Committee  should  then  see  that 
the  candidates  commence  by  filling  in  their  names,  &c.,  where  directed. 

10.  *  Candidates  should  not  bring  anything  with  them  into  the  exami- 
nation room,t  except  pens  and  pencils.  No  scribbling  paper,  slates,  or 
anything  of  that  nature  must  be  allowed. §  All  books,  note-books,  &c. 
must  be  collected  by  the  Committee.  The  retention  of  any  book  or 
notes  by  a  candidate  should  lead  to  his  immediate  dismissal. 

II.  *  Candidates  must  not  on  any  pretence  whatever  speak  to  one 
another  after  the  papers  have  been  given  out.  If  a  candidate  should 
require  to  ask  a  question,  he  will  hold  up  his  hand,  when  a  member  of 
the  Committee  will  attend  to  him,  but  no  question  on  the  meaning  of 
any  portion  of  the  examination  paper  must  oe  asked  or  answered. 

12.  It  may  be  of  service  to  the  Committee  that  the  teacher  of  the 


t  When  there  are  not  more  than  three  candidates  it  will  not  be  necessary  for  more 
than  two  members  of  the  Committee  to  be  present  at  the  examination. 

1  Bzcept  Buoh  as  by  the  Time  Table  (Science  Form,  No.  90)  are  required. 

§  It  is  absolutely  necessary  that  nothing  that  can  be  passed  flnom  one  candidate  to 
another  should  be  allowed^  Kough  work  and  calculations  must  be  done  on  the  supplied 
form,  the  back  of  each  leaf  of  the  form,  t.0..  pages  £,  4. 6,  and  8.  may  be  reserved  for  this 
puxpose,  the  pen  being  drawn  through  to  show  that  they  are  not  for  the  examiner.  £ut 
notMng  mutt  be  torn  off  ike  firm* 
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cIabs  should  attend  before  the  examination  begius  to  assist  in  getting 
the  candidates  into  their  places.  He  must  not  on  any  account  be  in 
the  room  after  the  examination  papers  are  opened.  Iniormation  of  his 
having  remained  in  the  room  after  this  will  at  once  lead  to  the  examina- 
tion being  declared  null. 

KoTB.-^hou]d  the  teacher  of  the  class  wish  to  sit  at  the  eiamination*  he  must  apply 
spedally  to  the  Committee,  so  that  they  may  arranns  to  have  a  tahlo  for  mm 
dose  to  their  own  seats,  and  not  with  the  other  candidates. 

13.  *  When  the  examination  papers  have  been  given  out  no  candidate 
nraaft  be  allowed  to  return  after  having  6nce  left  the  room.f  On  a 
candidate  leaving  the  room  his  papers  must  be  taken  up* 

14.  *  At  10  p.m.,  predselyt)  all  the  candidates'  papers  musibe  collected. 
It  will  therefore  be  advisable  to  warn  them  ten  minutes  before  the  time. 

16.*  Tlie  papers  win  be  initialed,  hj  the  Committee  as  directed, 
as  they  are  received  tom  each  candidate,  as  a  guarantee  that  each  haa 
been  worked  by  him  whose  name,  &c.  it  beains.  Should  a  candidate 
have  completed  his  work  before  10  p.m.  he  may,  by  pennission  of  the 
Committee,  go  away  at  once,  after  his  worked  paper  has  been  taken 
by  a  member  of  the  Committee. 

16.  *  Should  a  candidate  break  any  of  the  foregoing  rules,  ask  inform 
mation  from,  or  give  information  to,  another,  or  use  imfair  means  of  any 
description,  he  must  be  at  once  expelled  the  examination  room,  and  his 
paper  cancelled,  and  the  Committee  will  state  on  it  the  cause  of  his 
expalsion. 

17.  On  these  examinations  depend  large  grants  of  public  money.  On 
their  being  fairly,  honestly,  and  impartially  carried  out  depends  the 
continuance  of  the  system.  The  Committees  are  intrusted  with  this 
duty.  They  will  see,  then,  how  necessary  it  is  to  be  extremely  careful  in 
conducting  the  examinations,  and  to  insist  on  the  foregoing  rules  beinff 
complied  with  to  the  letter.  They  are  therefore  required  to  certify  and 
fomwd  this  form  with  each  set  of  worked  papers. 

We,  the  undersigned,  members  of  the  Committee  of  the  Science 

School  or  Class  held  at  

heieby  oertiiy  that  we  were  present  during  the  examination  in  

  held  in  rooms,  in  the  

on  the  evening  of  the  where  the  accompanying 

papers  were  worked  in  oiur  presence,  and  that  the  foregoing  rules  have 
been  strictiiy  complied  with. 

Dated  this  day  of  186  . 


Signatures. 

Time  Present. 

Honr  of 
Arrival. 

Hoar  of 
Peparture. 

t  It  win,  thereftve.  be  desirable  to  make  some  amogements  for  the  candidates  to 

rettre  within  the  room.  .  

t  &Loept  in  the  Drawing  Examinations,  sabject s  1. 2,  and  S.  then  tlM  hoar  n  11  pjn. 
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SYLLABUS  OF  THE  SUBJECTS  IN  WHICH  EXAMI- 
NATIONS  IN  SCIENCE  ARE  HELD  BY  THE 
DEPARTMENT  OF  SCIENCE  AND  ART. 


The  following  Syllabus  Iuub  been  prepared  in  order  to  afford  candidates 
some  ^uide  to  thdr  reading ;  but  it  must  be  understood  that  the  ques- 
tions  in  the  examination  need  not  necessarily  be  on  the  specific  points 
enumerated. 

The  examination  is  bv  paper,  but  oral  examination  may  be  resorted  to. 
The  examination  in  each  subject  is  distinct.  Mention  is  made  of  text- 
books solely  to  afford  a  candidate  some  assistance  in  selection  and  a 
general  idea  of  the  scope  of  the  examination,  and  not  at  all  to  cot^ne  his 
reading  to  those  works  or  to  assert  that  they  are  the  best  on  the  subftets 
they  treat  of. 

A  Course  of  Lectures  as  detailed  below,  on  Preparation  for  obtaining 
Science  Certificates  and  the  Method  of  teaching  a  Science  Class/'  has 
been  delivered  by  direction  of  the  Lords  of  the  Committee  of  Council  on 
Education.  The  lectures  may  be  purchased,  price  2d.  each,  at  the  book 
stall.  South  Kensington  Museum,  or  on  appucation  by  letter,  enclosing 
postage  stamps,  to  the  Secretary,  Department  of  Science  and  Art,  South 
Kensington,  London,  W. 

Geometrical  Drawing,  &c.  Prof.  T.  Bradley. 
Mechanical  Physics       -  Rev.  B.  M.  Cowie,  M.A. 
Experimental  Physics    -  Prof.  Tvndall,  F.R.S. 
Chemistry     -      -      -  Prof.  Hofmann,  F.R.S. 
Geology       -      -      -  Prof.  Ramsay,  F.R.S. 
Mineralogy,  &c.    -      -  Prof.  W.  W.  Smyth,  M.A.,  F.R.S. 
Zoology      -      -      -  Prof.  Huxley,  F.R.S. 
Botany       .       -      -  Edwin  Lankester,  M.D.,  F.R.S. 
Navigation  and  Nautical  J.  Riddle,  F.R.A.S. 
Astronomy. 

Physical  Geography      -  Dr.  G.  Kinkel,  F.R.G.S. 

A  Second  Course  has  been  delivered,  of  which  the  following  have 
been  published : — 

Lecture  I.  -  Vegetable  Physio-  Edwin  Lankester,  M.D.,  3rd  Februaiy; 
logy  and  Econo-  F.R.S. 
mic  Botany, 

Lecture  II.  Mechanical  Physics  Rev.  B.  M.  Cowie,  B.D.  10th  Febmaiy. 
Lecture  IV.  Mining       -      -  W.  W.  Smyth,  M.A.,  24th  February. 

F.R.S. 
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SYLLABUS. 


Sulidoot  X. — Vraotloal  Plane  aod  Solid  Oeometrsr. 

Every  one  employed  in  any  constructive  art  must  acquire  the  power  of 
lepvesentin^  on  paper  the  forms  and  proportions  of  the  work  to  be 
ezeeated,  whether  of  machinery,  civil  or  of  naval  architecture ;  and  others, 
not  immediately  interested  in  construction  require,  in  surveying,  navi- 
gation, te.  a  knowledge  of  practical  as  well  as  theoretical  geometry  of  a 
mare  than  dementary  order. 

The  representations  alluded  to,  although  made  on  a  flat  surfiace,  must 
sagf^eat  to  the  eye  the  relations  of  form  or  volume,  and  also  by  means  of 
eonventional  tinting,  or  shading  the  materials  of  which  the  structure 
eoosista ;  these  representations,  called  *'  drawings,''  because  the  same 
pencils  and  paper  are  made  use  of  as  by  the  artist,  are  entirely  based  on 
the  theorems  of  geometry  practically  applied. 

Since  it  is  essential  to  theb  utility  that  geometrical  drawing  should  be 
•oeaxBte,  the  draughtsman  must  by  practice  and  instruction  be  suffi- 
ciently acquainted  with  geometry  to  be  able  to  apply  its  theorems  with 
leadineaa  and  precision,  and  be  sufficiently  skilful  in  the  use  of  his 
inatroments  and  materials  to  ensure  neatness  as  well  as  accuracy  in 
execution :  witibout  these  qualifications  it  is  assumed  that  no  one  will 
present  himself  for  examination  in  this  subject. 


FiKST  Stags  or  Elbmbntary  Course. 
Plane  Qeometry^ 

1.  To  divide  finite  lines  in  any  ratio  expressed  either — 

a.  By  Humbert,  integral  or  fractional,  as  m,  n,  p, 

b.  Or  by  given  lines,  as  AB,  PQ,  &c. 

2.  To  find  a  mean  proportional,  a  third  or  fourth  proportional  to  two  or 

three  given  lines. 

3.  To  divide  finite  lines  so  that  the  area  of  the  rectangle  contained  by 

the  segments  may  be  of  a  proposed  magnitude,  given  either — 
o.  By  numbers  as  above ;  or 
h.  By  a  given  polygon. 

4.  To  construct  a  reckmgle  equal  in  area  to  that  of  a  given  triangle. 

5.  To  construct  a  triangle  from  any  sufficient  data,  as — 

a.  Its  species  and  perimeter, 
h.  Its  species  and  area. 

c.  Similar  to  a  given  one,  but  on  a  given  Ime,  as  a  base  or  side, 

or  of  a  given  area. 

6.  To  reduce  a  polygon  of  four  or  more  sides  to  an  equivalent  triangle. 

7.  To  cbaw  circles  to  touch  given  lines  or  circles,  either— 

a.  Of  a  proposed  radius ;  or 

d.  To  pass  through  one  or  two  given  points. 

SoUd  Oeomeiry. 

A  general  knowledge  of  the  principles  of  Projection  on  two  or  three 
planes  supposed  to  be  at  riffht  angles  to  each  other  is  necessary  before 
attonpting  any  of  the  foUowing  constructions,  these  projections  are 
called  Flans,  Elevations,  Profiles. 

1.  To  re|vesent  by  Vkplan  and  elevation  anv  simple  solid,  when  its  form 
and  its  position  with  respect  to  the  horizontal  and  vertical  planes 
of  projection  (as  represented  by  the  paper)  is  given  by  adequate 
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2.  To  deduce  a  second  or  third  elevation  or  plan  of  such  a  solid  from 

the  plui  and  elevation  previously  determined. 

3.  To  determine  by  its  plan,  elevation,  or  by  its  traces,  an  indefinite  line 

or  plane  in  any  position  with  respect  to  the  paper  or  horizontal 
plane. 

The  points  in  which  any  line  intersects  the  planes  of  projection  are 
called  the  traces  of  that  line ;  and  the  lines  in  wnich  any  plane,  or  other 
siurface,  intersects  the  same  planes  are  termed  the  traces  of  that  surfiaoe ; 
these  terms  traces  are  never  used  in  any  other  sense. 

4.  To  determine  lines  passing  through  a  g^ven  point  parallel,  perpen* 

dicular,  or  inclined  at  any  angle  to  a  given  hne,  neither  pomt  nor 
line  being  in  the  paper. 

5.  To  determine  a  plane  to  contain  a  given  point  (not  in  the  paper), 

either  parallel  or  perpendicular  to  a  f^iven  plane. 

6.  To  determine  by  its  plan  and  elevation  any  plane  figure  when  its 

position  with  respect  to  the  planes  of  projection  is  given,  either — 

a.  By  the  inclmations  to  the  paper  of  its  plane  and  of  one  side. 

b.  By  the  inclinations  of  two  of  its  lines. 

The  principle  on  which  this  construction  is  made  is  the  basis  of  aU 
practical  solid  geometrv.  It  is  that  any  two  planes  may  be  supposed  to 
DC  brought  to  coincide  by  the  revolving  of  either  of  them  on  their  mutual 
intersection ;  the  construction  itself  when  made  or  implied  has  recently 
been  termed  rebattment  (from  the  French).  It  is  b^this  supposition  tbii 
the  paper  represents  both  co-ordinate  planes  of  projection. 

Sbcokd  Staob  or  Advakcsd  Covrsk. 
Plane  QeomHry. 

1.  The  division  of  finite  lines,  or  those  lines  produced — 

a.  Medially  or  in  extreme  and  mean  proportion ; 
6.  Harmonically,  one  segment  being  given. 

2.  To  determine  by  construction  lines  which  shall  be  equivalent  to 

magnitudes  given  by  algebraical  expressions,  such  as — 

a.  ^m,    1^ ^,        ^ ;  (m  and  n  being  nwmhers.) 

b.  ?±ftS,  s^^.  ^^±i?,  &c..  &c. 

C  IC 

3.  The  construction  of  triangles  from  adequate  conditions  of  sides, 

angles,  area,  perimeter  or  trigonometrical  functions,  as  sin  A«  cos  B, 
tan  C,  &c. 

4.  The  division  of  polygons  into  m  areas  by  parallel  lines,  or  by  lines 

drawn  through  a  given  point. 

5.  To  draw  circles  to  touch  given  lines  and  circles  and  to  pass  through 

two  given  points. 

6.  The  construction  of  those  plane  curves  which  are  required  in  practical 

arts  (ellipse,  parabola,  cycloid,  &c..  Sec.) 

7.  The  construction  of    scales "  to  drawings,  to  different  units  of 

measure,  English  and  foreign. 

Solid  Geometry, 

1.  The  graphical  representation  of  curved  surfaces  of  revolution  by  their 

sections  or  otherwise. 

2.  The  representation  of  such  surfaces,  either  touching  or  intersecting 

each  other,  according  to  some  given  condition. 
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5.  The  determination  of  planes  touching  such  surfeices,  and  containing 
given  lines  or  points^  or  else  cutting  such  surfoces  under  giyen 
conditions. 

4.  The  development  of  conical  and  cylindrical  surfaces^  with  that  of  lines 

<m  those  suz^Ewes. 

5.  Tlie  determination  of  the  shadows  of  solid  bodies  bounded  either  hj 

planes  or  curved  surfaces  by  parallel  or  converging  rays  of  light,  the 

shadows  being  cast  on  planes. 
N.B. — ^The  questions  for  examination  in  this  advanced  course  will 
also  comprise  all  the  first  course  as  regards  both  plane  and  solid 
geometiy,  only  under  more  complex  conditions.  Thus  tae  candidate,  for 
example  will  be  required  to  determine  the  plan  and  elevation  of  solids 
of  any  kind  from  a  plan  and  elevation  of  more  easy  delineation  than 
that  required;  this  construction  may  be  tenned  by  analogy  the  practical 
tratuformoHon  of  co-ordinates. 


Examination  for  Honoobs. 
Plane  Oeometry, 

Candidates  for  honours  will  be  required  to  make  oonstractions  r&> 
lating  to  the  contact  of  lines  and  circles  with  each  other,  and  with  other 
carves,  requiring  more  knowledge  of  geometry,  and  the  power  of  making 
deductions,  than  is  expected  of  other  candidates ;  but  tne  questions  on 
these  and  other  subjects  wiU  be  of  a  practical  utility  in  geometrical 
drawing.  ITiey  must  possess  some  knowledge  of  analyticu  geometry 
so  aa  to  be  able  to  construct  lines  or  drdes  given  by  al^ebraicsl  ex- 
piesttona  referring  to  oo-odinate  geometry  of  two  dimensions  such  as 

?+|=l  ;xmn  a+y  COS  a— p=0 ;  (x— fl)*+(y— 6)'=r*,  &c,,  &c. 


Solid  Geometry, 

Hie  candidate  will  be  expected  to  be  conversant  with  l^e  principles  of 
oo-oidinate  geometry  of  three  dimensions  so  far  as  to  determme  by 
their  prqgections  on  three  rectangular  planes,  points,  and  lines,  and  bv 
their  traeei  pWes,  the  position  of  which  is  given  by  their  equations  sucn 

«  cos  a±y  cos  /8±«  cos  y±p=0 } 

fly±(y— 6)»±(z— x)"=:r«,  &c.,  &c. 

He  will  be  expected  to  demonstrate  some  theorems  of  this  subject  on 
vhich  constructions  are  based  relating  to  the  paralleUsm  or  perpen- 
dicolarity  of  lin«  and  planes,  and  the  relation  of  the  projections  of  areas 
to  the  originals. 

He  will  have  to  construct  lines  and  planes  inclined  to  given  planes  at 
oUique  angles,  and  lipes  and  planes  touching  surfaces  of  the  second 
order,  as  the  ellipsoid,  paraboloid,  &c.,  &c.  ,  «        -  xi. 

He  must,  by  the  projections  of  their  generators,  define  surfaces,  the 
law  of  their  generation  being  given,  and  determine  tangent  and  normal 
planes  to  such  surfaces.  . 

When  surfiices  of  any  order  are  represented  by  the  projections  ot 
sections  made  by  paralld  equidistant  horiaontal  planes,  they  are  swd 
to  be  contonred.  This  mode  of  graphically  defining  surfaces  is  by  fer 
themoetusefal;  in  surveying  it  is  employed  to  '^P^^^^^^^^^e 


40 


ground  or  the  earth-works  constructed  in  embanking,  tunneling,  fortifl« 
cation,  &c.  The  lines  of  contours  suggesting  to  the  eye  the  nature  of 
the  surface  as  regards  its  inclination,  slope,  or  its  variations  in  horizontal 
direction. 

The  contours  of  geometrical  surfaces  are  geometrical  Imes  capable  of 
.  accurate  determination  and  construction,  the  candidate  will  be  required 
occasionally  to  show  surfaces  plane  or  curved  by  their  contours. 

The  mutual  intersections  of  curved  surfaces  are  curves  of  double 
curvature,  which  can  only  be  represented  by  their  projections;  and 
normal  and  osculatory  planes  to  such  lines  can  only  be  drawn  when  the 
surfaces  on  which  these  lines  lie  can  be  graphically  represented.  Easy 
cases  of  these  constructions  are  required  by  the  carpenter,  b^  the  mason, 
and  shipwright,  in  the  construction  of  vaults,  cupolas,  obhque  bridges, 
vessels,  and  on  other  occasions. 

Many  problems  are  solved  by  the  principle  of  development,  such  as 
the  solution  of  the  spherical  triangle,  the  construction  of  maps. 

The  candidate  must  be  acquainted  with  the  principles  of  perspective 
or  radial  projection,  so  as  to  be  able  to  represent  any  building  on  those 
principles,  but  he  must  also  understand  the  determination  of  the  radial 
projection  of  simple  solids  deduced  from  their  orthographic  projection, 
and  the  construction  of  planes  and  lines  analogous  to  the  elementary 
constructions  of  orthographic  projection. 

The  candidate  cannot  be  expected  to  make  complicated  constructions 
in  the  time  allowed  for  this  examination,  but  the  questions  will  be  so 
selected  and  diversified  that  he  can  prove  his  knowledge  of  all  the 
subjects  of  this  syllabus  by  the  easy  constructions  those  questions  may 
require,  and  such  demonstrations  or  definitions  he  may  be  called  on  to 
make  may  be  quickly  given  in  brief  expressions,  either  in  words  or 
algebraically. 

The  following  books  are  recommended  for  study  in  Subject  I. : — 

jFbr  Theoretical  Geometry, 
Euclid^s  Elements  of  Geometry  (School  Edition),  by  R.  Potts,  12mo., 

4s.  6d.  (London,  Longman,  1868.) 

Plane  Geometry  according  to  Euclid  (Chambers'  Series),  by  A.  Bell, 

12mo.,  \s.  6d,  (London,  Chambers.) 

Elements  of  Euclid  (Weale's  Series),  by  H.  Law,  12mo.,  2s, 

(London,  Virtue,  6th  ed.,  1868.) 
Manual  of  Euclid,  by  J.  A.  Galbraith  and  8.  Haughton,  12mo.,  two 

parts,  2s,  6d.  each.  (London,  Cassell,  1868.) 

Aliments  de  G^om^trie,  par  Legendre,  avec  Notes  par  Blanchet,  8vo., 

4s,  (Paris,  Didot,  11th  ed.,  1867.) 

For  Analytical  Geometry, 

Dreatise  on  Plane  Co-ordinate  Geometry  as  applied  to  the  Straight  Line 
and  the  Conic  Sections,  by  I.  Todhunter,  Hvo.,  7s,  6d, 

(London,  MacmiUan,  4th  ed.,  1867.) 
A  Treatise  on  Conic  Sections,  by  G.  Salmon,  8vo.,  I2s, 

(London,  Longman,  4th  ed.,  1863.) 
Analytical  Geometry  of  Three  Dimensions,  by  G.  Salmon,  8vo.,  12*. 

(Dublin,  Hodges  &  Smith,  2nd  ed.,  1865.) 
Dreatise  on  the  Analytical  Geometry  of  Three  Dimensions,  by  J.  Hymers^ 
8vo.,  10*.  6d,  (Cambridge,  Deighton,  3rd  edj 

Elements  de  G4om^trie,  par  S.  F.  Lacroix,  8vo.,  4s,        (Paris,  1863.) 
Analyse  appliqu^e  h  la  G^om^trie  des  trois  Dimensions,  par  C.  F.  A« 
Leroy,  8vo.,  6s.  (Paris,  1864.) 
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For  Practical  Geometry, 

Praeticdl  Geometry,  hj  Thos.  Tate  (Gleig's  series),  18mo.,  Is, 

(London,  Longman,  1868,) 
'Elements  of  Gecmetrical  Drawing,  by  Thos.  Bradley,  in  two  parts, 

oblong  folio,  each  I65.  (liondon.  Chapman  &  Hall,  1862.) 

Practical  Geometry,  Linear  Perspective,  and  Projection,  by  Thos. 

Bradley  (Library  of  Useful  Knowledge),  8vo.    (London,  Baldwin.) 
Elements  of  Descriptive  Geometry,  by  J.  Woolley,  text  8vo.,  plates 

4to.,  20s.  (London,  Parker,  1850.) 

Elementary  Geometrical  Drawing,  by  S,  H.  Winter,  in  two  8yo.  parts, 

Ss.  6d.  and  6s.  6d.  (London,  Longman,  1861.) 

Elementary  Treatise  on  Descriptive  Geometry,  by  J.  F.  Heather, 

(Weale's  series),  12mo.,  2s.  (London,  Weale,  1851.) 

First  Lines  in  Geometrical  Drawing,  by  J.  F.  H.  De  Rheims^  8vo.,  9s. 

(London,  Williams  &  Norgate,  1865.) 
*Tnat4  de  G4om^trie  Descriptive,  par  J.  Adh^mar  (with  Aldas),  8yo. 

2Qs.  (Paris,  4th  ed.) 

Essais  de  G^dm^trie  snr  Us  Plans  et  les  Surfaces  Courbes,  par  S.  F. 

Lacaroix.  (Paris,  7ih  ed.) 

TVotf^  de  G^om^trie  Descriptive,  par  Lefebure  de  Fonrcy,  2  vols.,  8vo. 

(Pftfis,  1864.) 

TVoif/  de  G^om^rie  Descriptive,  par  La  Valine  (with  Atlas),  4to.,  IBs. 

(Paris,  2nd  ed.,  1825.) 

TraiU  de  St^Monde,  8fc.,  par  C.  F.  A.  Leroy,  annotie  par  £.  Mar- 
telei,  4to.  (with  Atlas  in  folio).  (Paris,  1866.) 

Kotes  et  Croquis  de  Q^omitrie  Descriptive,  par  Bardin,  foUo,  lOs. 

(Paris,  2nd  ed.,  1837.) 

Baltfeet  IT.— 4g«etilno  Ooaakrnotlon  and  Brawlnff. 

First  Stags  or  Elsmsntary  Coursv. 

The  candidate  will  have  to  draw  from  sketches  and  written  conditions 
the  elementary  constituent  parts  of  all  mechanism,  such  as  wheels,  cams, 
links,  cranks,  couplings,  shafting,  excentrics,  cushions,  or  pillow  blocks, 
but  he  must  show  his  knowledge  of  machinery  by  supplying  those  details 
and  that  finish  of  execution  that  are  intentionally  omitted  in  the  sketch. 
Any  indication  in  the  candidate's  work  that  he  has  simply  copied  the 
sketch,  oply  altering  the  scale,  without  understanding  the  principle  of 
the  mechanism,  will  invalidate  his  examination. 

The  essential  condition  of  symmetry  which  characterises  aU  the  works 
of  man,  that  of  being  counterpart  on  each  side  of  a  central  line  or  axis  of 
■pametiT,  indicates  the  proper  mode  of  drawing  such  objects ;  this  prin- 
ciple in  anawinff,  which  may  be  called  "  copying  by  co-ordinates,"  must 
be  rigoroualy  observed,  not  only  in  the  general  forms  but  even  down  to 
the  smallest  detsdls ;  unless  it  is  so  the  drawing  must  be  worthless, 
becanse  inaocuxate. 

Sbcond  Stage  or  Advanced  Course. 

The  candidate  will  have  to  represent  combinations  of  the  above-named 
elementary  parts  in  machinery,  as  engines,  lathes,  drilling,  planing 
xnachinea,  tools,  clock-work,  9cc.  He  wiU  have  unfinished  sketches  of 
such  combinations  set  before  him,  and  he  will  be  expected  occasionally 
to  show  the  parts  in  that  different  position  which  would  be  produced  by 
the  motive  power  actmg  on  mutually  dependent  parts. 

•  The  most  practical  of  all  French  works. 
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He  will  also  occasioDally  be  required  to  show,  in  skeleton  outline,  new 
combinations  for  effecting  some  changes  of  motion  and  velocity  according 
to  conditions. 

He  must  also  be  able  to  represent  parts  of  mechanism  that  admit  of  it 
in  isometrical  projection. 

Examination  for  Honoubs. 

The  candidate  will  be  required  to  make  one  or  more  drawings  to  scale 
of  some  machine  intended  to  effect  a  prescribed  operation,  £rom  a  descrip- 
tion, aided  by  sketches  of  those  parts  requiring  especoal  explanation. 
These  drawings  he  will  be  allowed  to  execute  at  his  own  home. 

In  addition  he  will  have  to  answer  in  writing,  and  by  sketches  to  scale 
illustrating  his  answers,  questions  on  the  genersd  principles  of  mechanism, 
the  modes  on  connecting  the  power  with  the  work,  the  effects  of  friction 
in  modifying  the  result^  the  different  modes  of  changing  the  velocily  of 
the  motions  produced,  and  generally,  analogous  questions  intended  to 
ascertain  his  knowlec^e  of  machinery,  and  the  means  of  representing  it. 

Works  containing  mustrations  of  engines,  tools  and  machines  ore  too 
/numerous  and  well-known  to  require  enumeration,  but  for  the  principles 
pi  mechanism,  the  following  are  particularly  recommended : — 

V    The  Elements  of  Mechanism,  by  T.  M.  Goodeve,  8vo.,  6s.  6i. 

(London,  Longman,  2nd  ed.,  1865.) 
>  Dynamics,  Construction  qf  Machinery,  by  G.  F.  Warr,  Bvo.,  9s.  6dL 

(London,  Baldwin,  1851.) 
T%e  Principles  qf  Mechanism  for  the  Use  of  Students,  by  R.  Willis, 
8vo.,  IBs.  (London,  Parker  &  Son,  1841.) 

v.*  * 

•aljeet  znr—Bnildliir  OonstviMtSoii. 

First  Staob  or  Elsmbntart  Coursk, 

The  candidate  win  have  to  draw  from  unfinished  sketches,  as  stated 
for  the  preceding  subject,  parts  of  constructions,  such  as  walls,  floors, 
roofs,  piurtitions,  arches,  &c.  The  same  remarks  and  injunctions  apply 
here  as  for  Subject  No.  II.  In  building  construction  the  knowledge  of 
the  candidate  will  be  shown  by  the  bond  of  his  brickwork,  the  framing 
and  scantling  of  his  timber,  and  joinery  of  his  doors  and  sashes,  and  by 
tiie  characteristic  peculiarity  of  cast  or  wrought-iron  structures. 

Sbcond  Staob  or  Advancbd  Coursb. 

.  The  candidate  will,  in  addition  to  more  eUborate  drawings  of  the  same 
elementary  parts,  have  to  draw  parts  of  viaducts,  bridges,  embankments, 
docks,  &o.  &o.,  and  will  have  to  answer,  hi  writing,  questions  on  the 
material,  brick,  stone,  slate,  timber,  &c.  used  in  such  works. 

In  addition  he  will  occasionally  be  called  on  to  design  parts  of  struc- 
tures according  to  given  conditions  of  use  and  material,  but  as  the  time 
allowed  for  the  examination  does  not  admit  of  any  compUcated  drawing, 
he  can  only  be  expected  to  show  his  knowledge  and  taste  by  his  drawing 
as  &r  as  it  goes. 


Examination  for  Honours. 

The  candidate  will  have  to  make  one  or  more  drawings  of  a  building 
for  some  special  tise  from  description  and  specification,  these  drawings 
he  will  be  allowed  to  execute  at  his  own  home.  He  will  also  bAYi?  to 
answer  in  writing,  illustrated  when  directed  by  sketches  to  scale,  ques* 
tions  on  the  following  subjects :—  ^  , 
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Hie  diffefent  msteriala  used  in  building,  ibe-mode  of  preparing  tiiem 
and  their  application  in  different  parts. 

The  franun^  of  limber  in  ro<rfli,  floors,  partitions,  sturs,  &c. 

Tlie  nse  of  iron,  cast  or  wrought ;  the  oonstraetion  of  lattice  girders  in 
mdncis,  bridges.  Sec, 

The  oonstmetion  of  brick,  stone,  or  iron  bridges,  direct  or  oblique, 
suspension  bridges,  tunnels,  drains,  &c.,  &c. 

Woks  containing  examples  of  building  construction  are  numerous. 
The  following  is  recommended : — 

Etc&mpleM  of  Building  Cofutruetion,  by  H.  Laxton,  in  four  parts,  fbUo, 
tMck  21.  lOs.  (London,  1856-62.) 

8a1ije<)t  ZXX  (Alteraative). — ^BTaval  Arolilteotiire. 

First  Stagb  or  Elbmbntary  Course. 

Gandidates  for  the  elementair  course  will  be  required  to  possess  suffi- 
cient knowledge  of  practical  ship-building,  to  apply  the  various  ma- 
terials used  for  that  purpose  to  the  greatest  advantaffe.  Also  to  be  able 
to  make  dcetches,  to  soue,  of  the  component  parts  of  a  ship's  hull. 

Second  Stagb  or  Advanced  Course. 

GMididates  for  the  more  advanced  course  will,  in  addition  to  that 
directed  Ibr  the  elementary  course,  be  required  to  make  detiul  and 
worldng  drawings,  showing  a  knowledge  of  the  methods  of  combining 
Aesetcral  parts  of  a  ship's  hull.  Also  to  possess  a  knowledge  of  laying 
off  on  the  mould  loft  floor. 

Examination  for  Honours. 

Tbe  honours  examination  will  embrace  questions  relating  to  the 
cslcnlation  of  displacement,  in  addition  to  that  prescribed  for  the  pre- 
ceding courses ;  and  the  candidates  will  be  requnred  to  make  a  drawing 
at  home,  comprising  sheer,  half-breadth  ana  body  plans,  from  data 
which  will  be  furnished. 

Neatness  and  accuracy  in  drawing  will  be  insisted  on. 

The  following  works  will  comprise  all  that  the  teachers  will  require  as 
text  books,  vis. : — 
BrndSments  of  Naval  Architecture,  by  James  Peake  (Weale's  Series), 
12mo.,  3*.  (London,  Weale,  1861.) 

Skipbmldmg  tn  Iron  and  Steel,  by  £.  J.  Reed. 

(London,  Murray,  1868.) 
Dtredumtfor  Laying-off  Ships,  by  J  Fincham,  8vo.,  25s. 

(London,  Whittaker,  1840.) 
OntUne  of  Shipbuilding,  by  J.  Fincham,  8vo.,  31«.  6d, 

(London,  Whittaker,  1853.) 
ShMttilding,  Theoretical  and  Practical,  edited  by  W.  J.  M.  Rankine. 
folio,  845.  (London,  Mackenzie,  1866.) 

•altf  eet  rr.— atomantaiy  MMitlieiiiatloa. 

The  questions  which  will  be  set  in  the  two  grades  or  stages  of  the 
class  examination  will  be  confined  to  the  following  subjects,  and  the 
answers  which  will  ensure  full  marks  must  be  given  in  accordance  iirith 
the  instructions  annexed  to  each  division. 
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1.  JrUhtnetic  generaliy. — ^The  perfonnaiice  of  numerical  calculations 

with  accuracy  and  lucid  arrangement  and  explanation  of  the 
reasons  of  processes  of  a  simple  kind  may  he  demanded.  This 
branch  is  mentioned  not  so  much  as  a  separate  subject^  but 
because  wherever  examples  are  given  which  involve  numbers,  the 
complete  solution  in  fibres  should  be  given:  that  it  may  be 
ascertained  by  the  exammer  that  the  candidate  can  firom  formulfP 
in  symbols  deduce  useful  numerical  results. 
Decimal  fractions  in  all  cases  to  be  shown  (not  vulgar  fractions), 

2.  Geometry, — ^The  properties  of  lines,  triangles,  rectilinear  figures,  the 

circle,  properties  of  similar  figures,  inscribed  and  circumscribed 
polygons. 

The  examination  questions  in  this  subject  will  generally  be  set 
in  the  words  of  Simson's  Euclid,  but  any  logical  proof  of  a  pro* 
posed  theorem,  or  accurate  solution  of  a  problem,  will  receive  full 
credit  if  it  be  clearly  endent  that  the  candidate  has  apprehended 
the  course  of  reasonmg  which  preceded  the  proposition.  Candi- 
dates should  endeavour  to  draw  good  figures,  and  should  as  much 
as  possible  keep  the  demonstration  on  the  same  page  with  the 
figure. 

3.  Algebra, — Definitions.   Simple  rules.    Greatest  common  measure 

and  least  common  midtiple.  Indices.  Involution  and  Evolution. 
Simple  equations  and  problems  producing  them.  Fractions. 
Quadratic  equations  and  problems  producing  them.  Ratio.  Pro- 
portion. Variation.  Permutations  and  combinations.  Progres- 
sions, arithmetical,  geometrical,  harmonical ;  and  the  binomial 
theorem  for  a  positive  integral  index. 

4.  Plane  Trigonometry, — Definitions.   Conversion  of  degrees  and  their 

subdivisions  into  grades,  and  their  subdivisions,  and  vieeversd, 
An^lar  and  circuuur  measures  of  degrees  and  their  relation.  The 
goniometric  functions  of  angles  ana  the  conversion  of  one  into 
another.  The  arithmetical  values  of  the  goniometric  functions  of 
90°,  45°,  60°,  30°,  180°,  120°,  150°,  &c.  The  gleaning  of  contra- 
riety of  signs  in  trigonometry.  Tracing  of  the  goniometnc  fimctions 
in  magnitude  and  algebraic  sign  through  the  four  quadrants  and 
when  an  angle  is  indefinitely  increased. 
Formulae  for  multiplication  and  division  of  angles,  viz :  sine,  cosine, 

tangent,  &c.,  of  (il  +  JB),  2il,  3J,4' and^.  Also  of  A  and  B  in 

.A-^B  ^A-B 
terms  of  — g —  and    2  ' 

Logarithms. — ^Definition.  Multiplication,  Division,  Involution 
and  Evolution  by  logs.  The  use  of  logarithmic  tables.  Tables  of 
proportional  parts  for  numbers  and  angles.  Modulus.  Con- 
struction of  logarithmic  tables,  and  of  tables  of  logarithmic  sines, 
cosines,  &c. 

Triangles, — Formulae  for  cosine  of  an  angle  of  a  triangle  in  terms 
of  its  siaes.  The  relation  between  sines  of  angles  and  the  opposite 
sides ;  sine,  cosine,  tangent,  &c.,  of  half  an  angle  of  a  triangle  in 
terms  of  sides,  and  of  the  sine  of  an  angle.  Area  of  a  triangle. 
Solution  of  triangles.  Diameters  of  circles  inscribed  in  and  cir- 
cumscribed about  a  given  triangle.  Areas  of  regular  polygons 
inscribed  in  and  circumscribed  about  a  given  circle.  Area  of  a 
circle.  Description  and  use  of  vernier  and  theodolite  and  sextant. 
Heights  and  distances  of  inaccessible  objects. 
The  extent  of  the  examination  is  shown  by  the  detailed  particulars 
under  each  head. 
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First  Stage,  or  Elementary  Ck>UR8E. 

In  {he  first  paper  the  questions  will  be  restricted — 

1.  In  geometry  to  the  properties  of  lines,  triangles,  rectilinear  figures, 

and  the  circle,  (t.  e.  in  the  case  of  Euclid's  dements'  not  beyond 
the  end  of  the  third  book). 

2.  In  algebra,  the  subjects  mentioned  above  up  to  and  including 

simple  equations  and  questions  producing  them,  together  \ritQ 
proportion  and  arithmetical  and  geometrical  progressions. 

3.  Trtgonometry, — ^The  subjects  mentioned  before  logarithms. 
Logaritlkms.— 'The  use  of  logarithms  and  logarithmic  tables  only 

including  the  tables  of  proportional  parts. 
DnuMffles, — ^The  solution  of  right-angled  triangles  only,  and  such 
problems  of  heights  and  distances  as  depend  only  on  the  solution 
of  light-angled  triangles. 
The  lowest  class  of  those  who  will  be  approved  on  this  paper  may  be 
reached  by  students  who  know  accurately  the  first  book  of  Euclid,  can 
solve  simpe  equations,  and  can  prove  the  formulap  for  solution  of  right- 
angled  trum^ea. 

Skcokd  Stage,  or  Advanced  Course. 

In  tihe  second  or  advanced  stage,  the  questions  will  go  over  the  whole 
extent  of  the  subject  as  set  forth  in  the  detailed  syllabus  given  above. 

Examination  for  Honours. 

The  range  of  subjects  being  the  same,  it  will  be  proposed  in  this  paper 
to  place  b^ore  the  student  questions  which  will  be  chiefly  problems  or 
theorems  of  the  more  difficult  kind  in  each  part,  in  algebra,  the 
examples  given  will  require  more  fomiliari^  with  the  subject:  in 
geometiy,  tiie  questions  will  chiefly  be  deductions,  or  may  require  the 
aid  of  teigonometiy  as  well  as  pure  geometiy  for  their  complete  answer : 
in  trigonometry,  besides  questions  which  will  exercise  the  student's 
ingenuitv  and  test  his  familiarity  with  principles,  the  subject  of  angles 
greater  uiati  two  right  angles,  and  the  relations  between  trigonometric 
ratios  and  all  the  angles  which  they  indicate,  will  be  included ;  trigono- 
metric eliminations  and  transformations  and  the  application  of  algebra 
to  geometry  must  be  fetmiliar.  (It  is  not  meant  hy  this  that  anaWtical 
geometry  or  the  equations  of  the  line  and  circle  will  be  requirecQ  but 
dbiefly  tne  algebraic  representation  of  geometrical  ratios.) 

The  books  in  which  elementary  mathematics  may  be  studied  are  too 
numerous  to  be  mentioned,  but  as  specimens  of  good  and  trustworthy 
treatises,  which  may  be  used  with  advantage  by  candidates  who  have 
little  or  no  assistance,  the  following  works  by  Mr.  Todhunter  may  be 
leoommended : — 

Algibrafcr  Begkmers,  18mo,,  2#.  6d, 

(London,  Macmillan,  new  ed.,  1867.) 
Algebra  for  the  use  of  OoUeges  and  Sdkools,  Svo.,  7s.  6c^. 

(London,  MacmiUan,  4th  ed.,  1866.) 
Trigonomeiry  for  Beginners,  18mo.,  2s.  6d. 

(London,  MacmiUan,  1866.) 

Elements  of  Enelid,  18mo.,  3s.  6d. 

(London,  Macmillan,  new  ed.,  1864.) 

Plane  'Mgonomeiry.   8vo.  5s.   (London,  Macmillan,  2nd  ed.,  1861.) 
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More  advanced  students  may  study  with  advantage : — 
Wood's  Elements  of  Algebra,  by  T.  Lund,  8vo.,  \2s.  6d. 

(London,  Longman,  new  ed.,  1861.) 
whicli  contains  an  abundant  supply  of  examples  in  Algebra. 
AIbo,— 

Arithmetic  and  Algebra,  by  Barnard  Smith,  8vo.,  10*.  6d. 

(London,  Macmillan,  7th  ed.,  1860.) 

may  be  found  useful. 

Bnlijeet       Wffber  MMIieiiuitloti. 

First  Stage  or  Elementary  Course. 

1.  Algebra. — ^Theory  of  indices  (fractional  and  negative).  Binomial 

theorem  with  fractional  and  negative  indices.  Interest,  equation  of 
payments,  annuities.  Multinomial  theorem  (integral  exponent). 
Exponential  theorem.  Indeterminate  equations  and  problems  of 
the  first  degree.  Indeterminate  coefficients.  Resolution  of  easy 
rational  fractions  into  partial  fractions.  Scales  of  notations.  To 
express  numbers  in  different  scales.   Logarithmic  series. 

2.  Trigonometry. — Demoivre's  theorem  for  a  positive  integral  index. 

To  express  the  sine,  cosine,  and  tangent  of  the  sum  of  anv  number 
of  angles  in  terms  of  the  sines,  cosines,  and  tangents  of  the  simple 
angles.  To  express  the  sine,  cosine,  and  tangent  of  a  multiple 
.  angle  in  terms  of  the  powers  of  the  sine>  cosine,  and  tangent  of  we 
angle.  To  express  the  powers  of  sine,  cosine,  and  tangent  of  an 
angle  in  terms  of  the  smes,  cosines,  &c.,  of  the  multiple  angle. 
Expressions  for  sine,  cosine,  and  tangent  of  an  angle  in  terms  of 
the  angle. 

3.  Spherical  Trigonometry. — ^Definitions  and  fundamental  properties  with 

regard  to  limits  of  values  of  sides  and  angles.  To  express  the  arc 
of  a  small  circle  in  terms  of  the  corresponding  arc  of  a  great  circle. 
The  polar  or  supplemental  triangle  and  its  properties.  The  area  of 
a  spherical  triangle  in  terms  of  the  angles  (sphericid  excess).  To 
prove  that  the  sines  of  the  angles  are  proportional  to  the  sines  of 
the  opposite  sides.  To  express  the  cosine  of  an  angle  in  terms  of 
the  cosines  and  sines  of  the  sides,  and  the  cosine  of  a  side  in  terms 
of  cosines  and  sines  of  the  angles.  To  express  the  relation  between 
two  sides  and  two  angles,  one  of  which  is  included  by  the  sides 
(«.^.,  Cot  a  Sin  6  =  Cos  6  Ck)s  C -h  Sin  CCotA).  Solution  of  right- 
angledj  quadrantal,  and  isosceles  triangles. 

4.  Co-ordinate  Geometry  and  Conic  Sections. — Co-ordinates  of  a  point. 

To  express  the  area  of  a  triangle  in  terms  of  the  co-ordinates  of  the 
angular  points.   Locus  of  an  equation.   Equation  to  a  curve. 

Equation  to  a  straight  line  in  various  forms  referred  to  rectan^- 
lar,  oblique,  and  polar  co-ordinates.  Equation  to  a  straight  bne 
through  one  or  two  points,  or  parallel  to  a  given  straight  line.  Co- 
ordinates of  points  of  intersection  of  two  or  more  straight  lines. 

To  find  the  angle  between  two  given  straight  Imes,  and  the 
equation  to  a  straight  line  perj^endicular  to  a  given  straight  line, 
or  malung  a  given  angle  with  it.  To  find  the  length  of  tiie  per- 
pendicular let  fall  from  a  given  point  on  a  straight  line.  (Rect- 
angular axes.) 

Transformation  of  co-ordinates  by  changing  the  origin,  by 
changing  the  direction  of  the  axes,  both  re^angnlar  and  oblique, 
by  changing  rectangular  to  polair  co-ordinates,  and  vice  vertd. 

The  Ctrc/e.— EquHtiona  to  the  circle  and  to  the  tangent  and 
ncmal  of  a  cirde  at  any  point.  ... 
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Parabola, — ^Definition,  and  equation  lekaed  to  rectangular  axes. 
To  find  the  equation  to  tiie  tangent  and  noimal.  To  show  that 
SP  =  ST  =  S6.  To  fijid  the  length  of  the  perpendicular  £rom  the 
focus  on  the  tangent. 

EiMpse. — Definition  and  equations  (rectangular  axes).  Directrices 
and  focL  To  express  the  focal  distance  in  terms  of  the  abscissa. 
The  sum  of  the  focal  distances  is  equal  to  the  axis  nujor.  The 
exoentric  angle.  To  express  the  co-orcunates  of  a  point  in  terms  of 
the  excentric  angle. 

The  equations  to  the  tangent  and  normal.  To  show  that  CT  == 

CG  =  e2CM. 

The  normal  bisects  the  angle  between  the  fbcal  distances ;  the 
length  of  the  perpendicular  from  the  focus  on  the  tangent. 

Hyperbola. — Corresponding  propositions  to  those  for  the  ellipse. 
The  equilateral  or  rectangular  hyperbola. 

5.  Differential  Calculus, — Definitions.    Limit.   Diflierential  coeMdent. 

Differential  coefficients  of  sum,  product,  or  quotient  of  functions. 

To  find  the  differential  coefficients  of  a^,  <f,  log«a?,  sin  Xy  cos  d?, 
tan  Xy  sec    cot  Xy  sec  x. 

To  find  the  differential  coefficients  of  the  inverse  trigonometrical 

functions,  e.g.y  sin~*a?,  cos~"*af,  tan~*»,  &c.,  and  to  find  ~  when 

ii==/(y)  and  y=^(a?),  with  examples. 

Expansion  in  series  by  Taylor's  and  Maclaurin's  theorems  with 
easy  examples. 

To  find  the  limiting  values  of  functions  which  assmne  an  indeter- 
minate form  (easy  vanishing  fractions). 

To  determine  the  maxima  and  minima  values  of  functions  of  one 
independent  variable,  with  examples. 

Tangents  and  normals  to  plane  curves.  Subtangent  and  sub- 
normal. 

6.  IiUegral  Calculus. — Meaning  of  integration.    Elementary  integrals. 

Intef^ration  of  more  simple  rational  fractions. 

Second  Stage,  or  Advanced  Course. 

In  addition  to  the  propositions  in  the  elementary  course  given 
above,  the  candidate  will  be  required  to  know  the  more  advanced 
parts  of  the  same  subjects. 

1.  Ahebra. — Multinomial  theorem  for  negative  and  firaotional  exponents. 

Reversion  of  series.  Continued  firactions .  Reduction  of  aquadratic 
sud  to  a  continued  ftaction.  Summation  of  series.  Theory  of 
quadntic  surds.  Theory  of  numbers.  Prime  numbers.  Forms  of 
numbers.   Fennat's  theorem. 

2.  TH^onome/rvi^Demoivre's  theorem  with  negative  or  IhM^tional  ex- 

ponents. The  exponential  expressions  for  the  sine,  cosine,  and  tan- 
gent of  an  angle.    Series  by  help  of  these  expressions. 

Solution  of  quadratic  and  cubic  equations  by  trigonometry. 
Summation  of  series  of  sines,  cosines  of  angles  in  arithmetic 
progression,  and  of  other  series  dependent  on  these. 

3.  Spherical  Trigonometry. -^Vhpi&^s  analogies  and  Gausse^s  formulae, 

viz,: — 

Cos  i(A+B)  Cos  5c=Cos  iia+b)  Sin  i  C. 
Cos  i(A+B)  Sin  Jc=:Sin  i(a+b)  Sin  i  C, 
Sin  i(A+B)  Cos  ic=Cos  i(a— *)  Cos  i  C. 
Sin  i(A+B)  Sin  ic=Sin  4(a-6)  Cos  i  C. 
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Solution  of  oblique-anffled  triangles  and  ambiguous  cases.  Spherical 
excess  in  tenns  of  the  sides  of  a  triangle,  &c.  Radii  of  circles  inscribed 
in  and  circumscribed  about  a  spherical  triangle. 

4.  Co-ordinate  Oeometry, — ^Angles  between  straight  linesj  perpendiculars 

on  them,  and  length  of  perpendiculars  referred  to  oblique  axes. 
Polar  equalaon  to  a  straight  line  which  passes  through  two  given 
points. 

Circle, — Chord  of  contact  of  tangents  to  a  circle  through  an  ex- 
ternal point.  Locus  of  intersection  of  tangents  drawn  at  extremities 
of  chords  which  pass  through  a  fixed  point.  Circle  referred  to 
oblique  and  polar  co-ordinates. 

Parabola, — Chord  of  contact  and  problems  depending  on  it. 
Locus  of  intersection  of  tangent  with  tne  perpendicular  on  it  from 
the  focus. 

Diameters;  their  properties.  Equation  to  the  parabola  referred 
to  diameter  and  tanffent  at  its  extmnity  as  axes.  Tangents  at  the 
extremities  of  any  chord  of  a  parabola  meet  in  the  diameter  which 
bisects  that  chord. 

The  parabola  referred  to  polar  co-ordinates.  Properties  connected 
with  tangents  drawn  at  the  extremities  of  a  focal  chord.  If  through 
any  points  within  or  without  a  parabola,  two  lines  be  drawn  paraQd 
to  two  given  straight  lines  to  meet  the  curve,  the  rectangles  of 
the  segments  wiU  be  to  one  another  in  an  invariable  ratio. 

Ellipse, — Chords  of  contact.  Conjugate  diameters  and  their 
properties.  £<][uation  to  ellipse  referred  to  coi^ugate  diameters  as 
axes.  Properties  connected  with  tangents  drawn  at  the  extremities 
of  a  focal  chord. 

The  ellipse  referred  to  polar  co-ordinates.  If  through  any  point 
within  or  without  an  ellipse  two  lines  be  drawn  parallel  to  two  given 
straight  lines  to  meet  the  curve,  the  rectangles  of  the  segments  will 
be  to  one  another  in  an  invariable  ratio. 

Hyperbola, — Corresponding  propositions  to  those  for  the  ellipse. 
Conjugate  hyperbola.  Asymptotes.  Equation  to  hyperbola  referred 
to  asymptotes  as  axes,  to  tangent,  &c. 

General  Equation  of  Second  Degree, — ^To  show  when  it  represents 
ellipse,  hyperbola,  parabola,  circle,  or  two  straight  lines.  The 
equation  to  a  conic  section  referred  to  a  pair  of  tanffents  as  axes. 

Sections  of  a  right  cone  made  by  a  plane  perpendicular  to  a  plane 
containing  its  axis. 

5.  Differential  Calculus. 

Successive  differentiations  of  simple  functbns,  and  of  the  pro- 
duct of  two  functions  (Leibnitz's  theorem),  with  examples.  Appli- 
cation of  Taylor's  and  Madaurin's  theorems  to  more  complicated 
expansions.  Differentiation  of  functions  of  two  independent  vari- 
ables. If  y  =  r4-iF^(y)  to  exuand  %)  according  to  ascending 
powers  6f  9  (Lagrange's  theorem). 

Vanishing  fractions  (more  complicated).  Maxima  and  wiinima 
values  of  Actions  of  two  independent  variables  with  examples. 
Differentiation  of  implicit  functions.  Elimination  of  constants  or 
functions  by  differentiation. 

Curves,  asymptotes,  tangents,  and  normals  referred  to  polar 
co-ordinates*  Polar  subtangent ;  asymptotes  referred  to  polar  co- 
ordinates. 

To  determine  whether  a  curve  b  concave  or  convex  with  respect 
to  a  given  line :  to  find  points  of  inflexion.  Tracing  of  curves. 

To  find  the  differential  coef&cients  of  an  arc,  area,  volume,  and 
surface  of  revolution  (rectangular  and  polar  axes).  Contact,  circles 
of  curvature  and  6volute. 
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6.  hUegral  Calculus. 

Formiilie  of  reduction.  Integration  between  limits.  Double 
integration. 

Application  to  length  and  areas  of  curves  and  to  volumes  and 
surfaces  of  solids  of  revolution. 

Examination  for  Honours. 

la  addition  to  the  above 

1.  Algebra. — Convergence  and  divergency  of  series  and  recurring  series. 

Indeterminate  equations  of  a  higher  degree  than  the  first. 

Properties  of  numbers.  Wilson's  theorem.  To  find  the  number 
of  positive  integers  less  than  a  given  number  and  prime  to  it; 
number  of  divisors  of  a  given  number;  number  of  wavs  into 
which  a  number  can  be  resolved  into  its  prime  factors  and  poljgonsd 
numbers. 

2.  Trigonometry. — Construction  of  tables.  -  Formulae  of  verification, 

noportioiial  parts  in  logarithmic  functions  of  angles. 

3.  Spkerical  Triganometjy. — Regular  polyhedron^  parallelepiped,  and 
tetrahedron,  with  problems. 

4.  Co-^irdmate  Creometry  and  Conic  Sections. — Problems  in  the  straight 

line  and  circle.  Radical  axis,  nole  and  polar.  Supplemental  chords 
to  ellipse  and  hyperbola.  Miscellaneous  propositions.  Similar 
curves.   Anharmonic  and  harmonic  pencils. 

5.  Diferential  Calculus. — Limits  and  failure  of  Taylor's  theorem ;  La- 

place's theorem. 

Second  differentiation  of  implicit  functions;  change  of  the 
independent  variable  (1)  when  tnere  is  one  independent  variable, 
(2)  when  there  are  two  independent  variables. 

Maxima  and  minima  values  of  functions  of  several  independent 
variables. 

Curves.  Singular  points.  Multiple  points.  Cusps,  &c.  En- 
velopes. 

6.  Integral  Calculus. — ^Elliptic  functions. 

In  preparing  for  examination  in  the  courses  described  in  the  above 
SvUabua  the  student  may  use  any  standard  works,  and  the  following  by 
Mr.  Todhunter  will  be  found  especially  useful : — 
Algebra  for  Colleges  and  Schools,  8vo.,  7*. 

(London,  Macmillan,  4th  ed.,  1866.) 
Conic  Sections,  8vo.,  7s.  6d.  (London,  Macmillan,  drd  ed.,  1862.) 
Plane  JVigonometry,  8vo.,  5s.  (London,  Macmillan,  2nd  ed.,  1861.) 
Spkerical  Trigonometry,  8vo.,  4s.  6d, 

(London,  Macmillan,  2nd  ed.,  1863.) 
Treatise  on  the  Differential  Calculus,  8vo.,  lOs.  6d. 

(London,  Macmillan,  4th  ed.,  1865.) 
On  the  Integral  Calculus  and  its  Application,  8vo.,  10s.  6d. 

(London,  MacmUlan,  2nd  ed.,  18570 


Bnlijeet  VZ^Tlieoretlcal  BEeobaiilos. 

(!•) — First  or  Elementary  Course. 

The  student  who  takes  up  this  course  is  expected  to  give  clear  and 
full  statements  of  the  principles  of  the  science,  and  to  show  that  he 
understands  them  by  answering  easv  questions  on  their  applications. 
Theae  questions  wfli  not  demand  for  their  solution  a  knowledge  of 
matbematicB  beyond  the  elements  of  algebra,  mensuration,  and  geo- 
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metrical  constructions  by  scales  and  compasses.  The  formal  proof  of 
theorems  will  not  be  required  except  in  the  eases  specified  below : — 

A. — Statics, 

(1.)  The  composition  and  resolution  of  forces  and  the  conditions  of  their 
equilibrium,  viz.,  the  parallelogram,  triangle,  and  polygon  of 
forces.  Parallel  forces.  Equivalence  of  two  couples.  Composi- 
tion of  a  couple  and  a  force.   The  principle  of  moments. 

(2.)  Physical  properties  of  solids,  hardness,  elasticity,  tenacity. 

(3.)  Centre  of  gravity.  Its  position  in  the  case  of  a  straight  line,  paral- 
lelogram, circle,  triangle,  sphere,  pyramid,  and  cone,  of  umform 
density ;  and  in  the  case  of  several  heavy  points. 

(4.)  Reaction  of  a  fixed  point  or  fulcrum.  Kquilibrium  of  a  body 
capable  of  turning  round  a  fixed  point;  levers;  the  balance,  and 
its  sensibility ;  the  steel-yard. 

(5.)  Transmission  of  force  through  a  rigid  body  and  through  a  perfectly 
flexible  thread.  The  single  pulley.  Simpler  combinations  of 
pulleys. 

(6.)  Reaction  of  smooth  and  rough  surfiwjes ;  the  limiting  angle  of  re- 
sistance, or  angle  of  repose ;  the  coefficient  of  friction ;  the  laws 
of  friction. 

(7.)  Conditions  of  equilibrium  of  a  bodv  resting  under  the  action  of 
forces  on  a  plane  whether  smootn  or  rough,  horizontal  or  in- 
clined; equilibrium  of  a  wall  sustaining  an  oblique  thrust; 
buttresses. 

(8.)  Stable  and  unstable  equilibrium. 

(9.)  Unit  of  work,  and  horse  power ;  simple  questions  as  to  the  working 
power  of  agents ;  the  modulus  of  a  machine. 

B, — Dynamics, 

(1.)  Measure  of  time,  distance  and  velocity  uniform  or  variable.  The 
accelerative  efiPect  of  a  constant  force,  and  particularly  that  of 
gravity.  Relations  between  space,  velocity  and  time  in  the  case 
of  the  rectilinear  motion  of  bodies  whose  velocities  are  uiiifomaly 
accelerated.    Composition  of  velocities. 

(2.)  Definitions  of  mass,  momentum,  moving  force  and  of  vis  viva, 
energy  or  accumukted  work.  The  laws  of  motion.  The  abso- 
lute unit  of  force. 

(3.)  Rectilinear  motion  of  a  body  under  the  action  of  given  forces; 
Atwood's  machine ;  motion  on  an  inclined  plane,  and  in  a  circle ; 
centrifugal  force ;  time  of  small  oscillation  of  a  simple  pendulum. 
Centre  of  oscillation  of  an  oscillating  body. 

(4.)  Impulsive  forces;  velocity  after  direct  impact  of  spheres;  trans- 
formation (or  loss)  of  accumulated  work  m  collision. 

C. — Hydrostatics  and  Pneumatics, 

(1.)  Law  of  transmission  of  pressure  through  a  fluid;  pressure  of  a  fluid 
against  a  plane  area ;  the  centre  of  pressure ;  equilibrium  of  a 
reservoir  wall. 

(2.)  Pressure  of  a  fluid  on  a  body  wholly  or  partly  inamersed.  Specific 
gravity  of  a  solid  or  liquid ;  and  the  smipler  cases  of  its  deter- 
mination. Conditions  of  equilibrium  of  a  floating  body.  The 
metacentre.    Conditions  of  stability  of  a  floating  body. 

(3.)  Experiments  which  show  that  air  is  an  elastic  fluid ;  the  Magdeburg 
hemispheres ;  the  cistern  barometer ;  Boyle's  experiment.  Rela- 
tion between  pressure,  temperature,  and  volume  of  a  gas. 
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(4.)  Wdl  known  machines  and  the  principles  of  their  constraction ;  the 
hydraulic  press;  the  specific  (gravity  balance;  the  hydrometer; 
Nicholson's  hydrometer ;  the  specific  grayity  bottle ;  tne  ordinary 
suction  and  forcing  pumps ;  the  syphon;  the  air  pump. 

The  student  should  be  able,  if  required,  to  proye : — 

(a,)  The  rule  for  determining  the  magnitude  of  the  resultant  of  two 
intersecting  forces,  assuming  the  rule  for  its  direction, 

(6.)  The  rule  for  determining  the  resultant  of  two  parallel  forces. 

(c.)  That  the  sum  of  the  moments  of  two  intersecting  forces  with  refer- 
ence to  an^  point  in  their  plane,  equals  the  moment  of  their 
resultant  with  respect  to  the  same  point. 

(d.)  That  two  couples  acting  in  ihe  same  plane  will  be  in  equilibrimn  if 
their  moments  are  equal  and  of  contrary  signs. 

(e.)  The  mle  for  finding  the  centre  of  grayity  of  a  triangle. 

(f.)  The  formulae  for  uniformly  acclerated  rectilinear  motion,  viz. 

(ff.)  The  formula  for  the  ins  viva  of,  or  work  accumulated  in  a  moving 

body,  viz.,  i  mv^  or 

(A.)  That  the  pressure  of  a  fluid  on  a  body  wholly  or  partly  inmiersed 
equals  the  weight  of  the  fluid  displaced,  and  acts  vertically 
upward  through  the  centre  of  gravity  of  the  immersed  part  of  the 
body  supposed  of  uniform  density. 


(2.) — ^Thb  Sscond  or  Advanced  Course. 

The  student  who  takes  up  the  second  or  advanced  course  is  expected 
to  be  able  to  prove  the  fundamental  theorems  of  mechanics,  so  far  as 
the  subject  is  included  in  the  elementary  course,  and  to  work  somewhat 
harder  examples ;  thus  : — In  the  elementary  examination  he  might  be 
asked  to  explain  what  is  meant  by  "  centrifugal  force,"  and  to  work  an 

mv^ 

easy  example  on  the  formula  F  =  — ;  in  the  advanced  examination  he 

m^t  be  asked  to  prove  this  formula  as  well  as  to  work  a  somewhat 
harder  example.  He  is  also  expected  to  pursue  the  subject  into  some 
of  its  leading  developments. 

(1.)  Proof  and  applications  of  the  equations  of  equilibrium  of  forces 
acting  in  one  plane. 

(2.)  Ck>ndition8  of  equilibrium  of  simple  machines  when  the  friction  of 
the  parts  is  taken  into  account.  Inclined  plane,  wedge,  screw, 
pulleys,  bodies  capable  of  turning  round  an  axle  of  finite  radius. 

(3.)  The  principle  of  virtual  velocities  and  its  application  to  machines 
in  a  state  of  uniform  motion.  Dynamometers. 

(4.)  Motion  on  rough  inclined  and  horizontal  planes.  Motion  of  pro- 
jectiles. 

(6.)  Moment  of  inertia.  EfPective  forces.  D'Alembert*s  principle. 
Resultant  of  effective  forces  and  work  accumulated  in  the  case  of 
a  body  turning  roimd  a  fixed  line.  The  fly  wheel.  The  com- 
pound pendulum. 

r6.)  Oblique  impact.    Centre  of  percussion.   The  ballistic  penduliun. 

7.  )  Calculation  of  heights  by  barometer.    The  aneroid  barometer. 

8.  )  Motion  of  fluids  through  orifices,  pipes,  and  open  channels. 
'9.)  Capillary  attraction.  ^ 
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The  following  books  are  recommended  for  stady;  but  it  will^  of 
course^  be  understood  that  all  are  not  needed  bj  any  one  student. 
Whewell's  Elementary  Treatise  on  Mechanics. 
Todhunter's  Mechanics  for  Beginners. 
Twisden's  Elementary  Introduction  to  Practical  Mechanics. 
Galbraith  and  Haughton's  Hydrostatics. 
Besant's  Elementary  Hydrostatics. 
Goodwin's  Elementary  Course  of  Mathematics. 
Brooke's  Natural  Philosophy. 
Ganot's  Elements  of  Physics  by  Atkinson. 

(3.) — Course  for  Honours. 

The  details  of  this  course  need  not  be  specified,  but  it  must  be  under- 
stood that  the  student  should  be  prepared  to  answer  questions  on  every 
branch  of  the  subject  as  usually  taught  in  the  higher  classes  in  colleges. 
In  addition  to  the  careful  study  of  the  usual  text-books,  such  as 
Todhunter's  Analytical  Statics,  Routh's  or  Griffin's  Rigid  Dynamics, 
Besant's  or  Miller's  Hydrostatics,  the  student  will  find  it  veiy  useful  to 
study  some  work  in  which  the  subject  is  treated  from  a  somewhat  less 
exclusively  mathematical  point  of  view,  such  as  the  first  19  chapters 
of  Jamin's  Cours  de  Physique,  Morin's  Notions  fondamentales  de 
M^canigue,  the  first  division  of  Thomson  and  Tait's  Natural  PhilO' 
sophy,  &c.  The  applications  of  abstract  mechanics  to  questions  of 
construction,  &c.  can  be  studied  in  Moseley's  Mechanical  Principles  of 
Engineering  and  Architecture,  and  in  Rankine's  Applied  Mechanics.  It 
must  be  borne  in  mind  that  the  study  of  the  higher  branches  of 
mechanics  can  only  be  attempted  with  profit  when  it  is  preceded  by  a 
thorough  knowledge  of  the  elements ;  of  so  much,  for  instance,  as  is 
comprised  in  the  first  and  second  courses. 


Subject  VZZ. — Meobanlos  as  an  Art,  or  Applied  Meohanioa. 

The  subject  of  applied  mechanics,  considered  as  embracing  generally 
the  art  of  fashioning  materials  into  various  definite  forms,  of  arranging 
these  definite  forms  under  such  combinations  that  on  the  application  of 
force  a  certain  and  invaiiable  result  will  be  obtained,  includmg  also  the 
adaptation  of  forms  and  materials  so  that  they  afford  the  maximum 
resistance  with  the  minimum  of  quantity. 

This  syllabus  is  arranged  for  three  classes  of  candidates ;  the  first  is 
elementary  in  its  character,  and  may  be  considered  as  a  stepping-^tone 
to  the  second  or  more  advanced  class ;  it  is  intended  for  the  guidance 
of  the  first  or  elementary  class  of  candidates,  who  will  be  expected  to 
have  a  fair  knowledge  of  most  of  the  branches  enumerated,  and  be  able 
to  give  a  precise  and  satisfactoiy  answer  on  any  of  them,  or  to  make 
clear,  well-drawn  hand  sketches  where  such  may  be  necessaiy  for 
explanation. 

The  second  part  is  intended  for  those  in  the  more  advanced  class,  who 
will  be  expected  to  have  a  thorough  knowledge  of  all  the  subjects  re- 
ferred to  in  the  syllabus  for  the  elementary  class,  and,  ui  addition,  to 
have  a  fair  understanding  of  the  application  of  the  principles  in  actual 
practice. 

The  third  part  is  intended  for  candidates  coming  forward  for Honours 
examination,"  who  will  be  expected  to  have  a  complete  knowledge  of 
the  questions  referred  to  in  the  two  former  parts  of  tne  syllabus,  and,  in 
addition,  to  have  some  acquaintance  with  the  higher  tneoretical  prin- 
ciples that  are  required  for  the  close  investigation  of  the  foregoing  or 
more  practical  part  of  the  subject. 
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As  the  chief  object  of  these  examinations  is  to  foster  the  education  of 
young  men  for  the  practical  duties  of  life  in  connexion  with  the  enf^i- 
neering  and  manufacturing  industries  of  the  kingdom,  it  is  intended 
that  the  examination  in  applied  mechanics  shall  be  in  accordance  there- 
with so  far  as  may  be  practicable. 

First  Stags  or  Elementary  Class. 

Candidates  of  the  elementary  class  will  require  to  know  the  more 
prominent  properties  of  materials  used  in  the  mechanical  arts;  the 
difPerent  natures  of  wood  that  are  in  common  use ;  the  leading  charac- 
teristics of  cast  iron,  wrought  iron,  and  steel ;  copper,  tin,  and  zinc ; 
brass,  gun  metal,  muntz  metal,  and  other  similar  compounds  used  in 
machineiy ;  leather,  gutta-percha,  and  vulcanized  india-rubber,  as  em- 
ployed for  mill  bands  or  pump  purposes. 

The  general  principles  on  which  various  materials  are  made  into  form, 
by  casting,  forging,  compressing,  drawing,  cutting,  &c. ;  the  purposes 
for  which  difiPerent  materials  are  commonly  employed,  the  reasons  which 
determine  their  selection;  the  modes  of  umting  and  combining  tha 
several  parts  of  structures  by  screw  bolts,  rivets,  keys,  cotters,  wedges, 
soldering,  &c. 

The  general  principles  of  mechanical  work,  units  of  work  as  distin- 
guished from  other  units,  unit  of  a  horse  power,  the  calculation  of 
mechanical  work,  work  of  living  agents,  wind,  water,  steam,  neglecting 
friction  or  other  conditions. 

The  principle  and  construction  of  simple  machines  by  the  combina- 
tion of  several  parts,  levers,  pulleys,  wheel  and  axle,  inclined  planes, 
the  wedge,  screws.  Likewise  the  more  complex  machines  that  are  in 
oonmion  and  extensive  use,  cranes  that  are  worked  by  hand,  the  working 
headstock  of  a  common  turning  lathe,  commill,  the  time  movement  of 
an  ofdinaiy  dock, 

The  more  common  methods  of  transmitting  motion  by  simple  ele- 
mentuy  parts  or  apparatus  in  extensive  use ;  toothed  wheels,  considered 
as  spur,  bevil,  mitre,  worm,  mangle,  and  eccentric;  friction  wheels,  re- 
volving shafts,  couplings,  bearings,  drums,  mill  bands,  fast  and  loose 
pullcgrs,  conical  pulleys  for  altering  the  rate  of  motion,  clutches  (forked 
and  motional) ;  eccentric  motion,  camb  motion,  crank  motion,  reversing 
motion,  intennittent  motions;  the  pendulum,  nature  of  a  governor, 
cylinder  and  piston,  slide  valve,  stuffing  box,  gland,  fly  wheel,  safety 
v^dve,  other  similar  details. 

Eiqienditure  of  work  through  the  agency  of  machines,  efiPect  of  re- 
ducing or  increasing  velocity,  loss  arising  firom  friction.  Calculating 
the  power  of  simple  machines,  cranes,  pulleys,  screws,  their  relative 
oonoitions  in  regard  to  friction,  applicabihiy  for  diJSerent  purposes. 

General  properties  of  fluid  pressure,  water  pressure,  in  tanks,  on  flood 
gates,  weight  of  water,  water  power,  power  required  to  raise  water,  the 
principle  of  water  forcing  pumps,  the  Bramah  press,  hydraulic  pressure, 
accumulator,  pressure  gauge,  air  pressure,  weignt  of  air,  elasticity  of  air, 
air  pump,  barometer,  aneroid,  vacuum,  vacuum  gauge,  syphon,  diving 
bell,  action  of  the  common  household  pump,  condensation  of  air,  air 
gun,  the  balloon  principle ;  effect  of  air  pressure  as  regards  sensible  tempe- 
fstoie,  contrary  effect  when  liberated ;  Smith's  bellows  principle,  action 
of  a  blowing  fan,  principle  on  which  chimneys  produce  a  current  of  air, 
the  blast  pipe  of  locomotives,  quantity  of  air  required  to  produce  the 
perfect  combustion  of  fuel. 

Three  conditions  of  ice,  water,  and  steam,  sensible  and  latent  heat,  the 
several  properties  of  steam  taken  advantage  of  in  steam  engines,  action 
of  steam  in  cylinder  of  steam  engine,  expansion  of  bodies  by  heat,  ther- 
mometer, heat  conducting  power  of  bodies,  the  advantage  of  covering 
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steam  pipes  and  cylinders  with  felt  and  other  substances,  principle  of 
heating  buildings  by  steam,  water  heating  apparatus,  difference  between 
the  evaporation  of  salt  and  fresh  water. 

Manufacturing  as  compared  with  making,  principle  of  production  by 
taking  the  pattern  or  figiure  from  a  copy ;  printing,  coining,  turning,  planing, 
smiths'  swages,  founders'  patterns ;  conditions  of  a  straight  edge,  of  a 
true  surface;  the  true  spindle  of  a  lathe,  principles  of  an  instrument  for 
cutting,  penetration,  stength.  The  action  of  a  nunch,  file,  saw,  grinding 
stone,  The  effect  produced  by  plunging  red  not  steel  into  cold  water, 
nature  of  tempering  steel. 

Strength  of  cast  iron,  wrought  iron,  and  steel  in  regard  to  tenacity 
and  compressibilty.  Strength  of  a  simple  wooden  beam  under  different 
conditions  of  support,  supported  at  the  ends  and  loaded  in  the  middle, 
uniformly  loaded.  Nature  of  a  neutral  axis  in  beams,  strength  of  beam 
as  affected  by  length,  depth,  and  thickness.  Advantage  making  cast- 
iron  pillars  hollow.  Relative  strength  of  chains  to  diameter  of  iron  out 
of  which  they  are  made. 

Sbcond  Stage  or  Advanced  Class. 

Candidates  of  the  advanced  class  require  a  general  knowledge  of  the 
different  kinds  of  timber  used  in  the  arts,  including  strength  and  special 
properties,  the  several  metals  employed  in  engineering,  their  nature, 
preparation,  and  special  properties,  including  tenacity,  compressibility, 
nardness,  brittleness,  density,  malleability,  ductilitiy,  elasticity,  weight, 
specific  weight. 

General  principles  of  the  art  of  founding,  construction  of  patterns, 
essential  conditions  of  a  mould  for  the  reception  of  liquid  metal,  8cc, 
Chilled  castings,  malleable  castings.  Principles  of  smithing  or  forging, 
nature  of  welding,  production  of  form  by  welding,  upsetting,  drawing 
down,  punching,  bending.  Steel  managementi  temper  for  differeift 
purposes,  effect  of  cooling  in  oil,  case  hardening.  Principle  of  rolling 
uron,  wire  drawing,  bolt  and  rivet  making.  Shearing  machines,  steam 
hammers,  drop  hammers,  principle  of  the  bolt  and  nut.  Rivetting  by 
hand,  by  machinery.  Nature  of  soldering,  the  essential  principles 
involved. 

Machines  considered  as  agents  for  changing  power  from  the  unsuit- 
able to  the  required  condition,  not  creating  power.  Nature  of  friction, 
reduction  of  motion  by  lubricants,  coefficients  of  friction  of  different 
materials  and  surfaces,  laws  of  friction,  friction  as  affected  by  the  mode 
of  transmitting  power  through  machines,  a  given  quantity  of  power 
expended  under  any  conditions  of  velocity. 

Lever  principle  applied  in  the  arts,  beams  of  steam  engines,  beams 
curiously  arranged  as  regards  fulcrum.  Cranesi  crabs,  or  other  machines 
for  lifting  where  power  is  accumulated  by  toothed  wheel  gearing.  The 
friction  of  cranes,  airangements  to  avoid  friction,  friction  of  block  and 
tackle,  ropes,  chains. 

Inclined  plane  in  the  arts,  friction  of  as  key  for  fixing  parts  of 
machinery,  friction  a  virtue.  Power  required  to  draw  materials  up 
inclined  planes.  The  screw  as  a  fixing  agents  as  an  instrument  for 
compressmg,  adjusting,  dividing,  manipulating. 

Regulari^  of  motion  necessary,  power  irreg^ilar,  work  done  irregular. 
Use  of  fly  wheel,  its  power  as  depending  on  weight  and  velocity, 
efficiency  on  position;  the  fly  wheel  as  an  a^ent  for  storing  power, 
rolling  mill,  punching  machine ;  fly  wheel  not  mcreasing  power,  steam 
hammers,  springs,  considered  as  accumulators  of  power,  means  for 
Betting  mactiineiT  in  motion  gradually.  Steam,  water,  fast  and  loose 
puUey,  friction  clutches,  efficiency  as 'depending  on  an  accumulation 
of  small  efforts,  lowering  goods  with  friction  oreaks  on  cranes,  &o. 

Digitized  by  Google 


55 


Madunay  regular  in  regard  to  time,  theoiy  of  pendulum,  governors, 
peculiar  construction  of  water-wheel  governors,  comparison  of  governors 
witii  pendulum. 

Machinery  considered  in  relation  to  its  three  essential  parts ;  of 
receiving  power,  tiie  prime  mover,  so  called,  the  intermediate  mechanism 
for  conveying  and  modifying,  the  part  which  performs  the  required 
operati<Mi.  The  term  "  work "  as  expressing  applied  power,  pressure, 
distance.  Mode  of  calculating  the  power  of  different  kinds  of  machineiy. 
Use  of  dynamometers,  indicators,  &c. 

Machinery  construction,  strength  with  lightness,  correct  fitting  of 
moving  parts,  principles  that  govern  the  formation  of  teeth  of  wheels. 
Advanti^ge  of  wood  and  metal  working  together,  velocity  as  depending 
on  rdative  diameters,  advantages  derived  from  high  velocities,  con- 
stmction  of  modem  shafting  and  gearing  generally,  all  details.  Best 
materials  for  bearings,  both  hard  and  soi^  proportion  of  length  to 
diameter,  anti-Mcti<mal  arrangements,  broad  surface  advantages,  £c. 

Conveying  work  or  power,  by  shafting,  endless  bands,  through  a 
tube  in  the  condition  of  compressed  air,  water,  steam,  convenience 
determining  selection,  respective  advantages  of  the  several  methods. 
Hie  leather  band  as  an  agent,  its  coefficient  of  friction,  adhesion,  adapt- 
ability f(Hr  changing  velodty,  efficiency  as  depending  on  velocity,  various 
adaptations  to  convey  power  in  difPerent  directions. 

The  advanced  candidate  should  have  precise  knowledge  of  the 
different  dementaiy  mechanical  contrivances  for  modifying  motion :  firom 
fast  to  alow  bv  the  worm  wheel,  ratchets,  double  and  single  and 
frictional ;  for  changing  from  rotary  into  rectilinear  or  the  reverse,  rack 
and  pinion ;  crank  motion  as  in  steam  endues,  the  opposite,  as  in  slotting 
machines,  by  an  endless  groove  on  cylmder,  by  screw  with  reversing 
motion,  mangle  wheel  principle,  three  bevil  wheel  arrangement,  open 
and  crossed  bands,  with  two  fast  and  two  loose  pulleys ;  contrivances  for 
giving  variable  motion,  such  as  the  leather  wneel  on  disc  surface,  the 
various  forms  of  camb  by  which  any  motion  may  be  obtained,  &c. 

Machinery  construction  considered  with  reference  to  form,  proportion 
of  parts,  strength  of  parts  as  determined  by  necessity ;  cast  iron,  uniform 
cooling;  wrought  iron  as  modified  by  difficulty  of  fashioning  into 
intricate  form ;  bronze  b^  cost,  strength  of  revolving  parts,  inversely  as 
motion,  the  lever  ]mnciple,  advantage  of  fixing  parts  at  both  ends 
^plied  to  pillars,  risk  of  fhicture  reduced,  advantages  derived  from 
hoUow  framing,  stiffening  by  ribs,  comparative  cost  of  both  systems  3 
fonn  of  parts  as  determined  by  the  tenacity  and  compressibility  of  the 
materiab,  applied  to  beams,  in  machinery  varied  by  other  conditions 
causing  inconsistencies  of  proportion ;  great  advantage  of  rigid  framing. 

Strength  of  hollow  cylinders  not  in  proportion  to  mass,  cylinder  of 
hydraulic  press,  gun,  &c.,  each  layer  of  lamina  imder  tension  affords 
greatest  strength,  the  practical  difficulties  ;*  system  of  building  up 
cylinders  by  successive  hoops,  put  on  by  pressure  or  by  shrinking,  each 
layer  under  different  tension. 

The  leading  fundamental  principles  of  pneumatics,  practical  applioap 
tions,  apparatus  for  producing  a  current  of  air,  blowing  engines,  blomng 
apparatus  generally,  the  fan  principle,  blowing,  exhausting,  applica- 
tions, mecluknical  ventilation  of  mines  and  biulcQngs,  as  used  in  cotton 
mills,  is  binding  processes. 

Post  office  atmospheric  tube,  flour  mills,  mines,  atmospheric  elasticity ; 
applications,  atmospheric  railways,  engines  working  by  compressed  air, 
air  vessels  in  pumping  apparatus,  cartridge  seamless  bag,  envelope 
machine,  button  making,  cof^  hewing,  rock  bcwing,  dessicating  timber. 

The  laws  of  hydrostatics  and  hydraulics,  applications  in  the  arts; 
raising  water,  ancient  methods,  modem  steam  pumping  machinery, 
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pumps  for  lifting,  forcing,  plunging,  bucket,  horizontal,  vertical,  ceniri« 
fiigal,  screw,  scoop,  wheel,  &c. ;  water  supply  to  towns,  sewerage 

Sumping  machinery,  syphon  on  large  scale.  Middle  Level  dnunage, 
fongolfier  water  ram,  difference  of  niction  with  large  or  small  pipes, 
flow  of  water  through  pipes,  friction  of  mains,  flow  as  affected  by  rust> 
high  pressure  water  machinery,  provision  for  non-elasticity,  working 
from  high  reservoir,  water-pressure  engines,  character  of  pumps,  boiler, 
proving,  application  to  hydraulic  press,  cranes,  lifts,  dock  gates,  capstan, 
oridges,  rocket  manufacture,  water  engines,  &c. 

Water  as  a  motive  power :  water  wheels,  water  engineerinjOf,  making 
the  most  of  fall,  construction  of  dam,  sluices,  canal,  situation  lor  factory, 
Faiibairn's  water  wheels,  mode  of  transmitting  tbe  power,  reduction  of 
friction,  modes  of  ascertaining  the  quantity  of  water  available ;  water 
power,  nominal,  actual ;  water  acting  by  impulse,  by  weight,  conditions 
aetermining  greatest  ^ect,  manipulation  of  sluice  by  governor,  water 
wheels  coupled  to  steam  engines,  necessary  provision ;  treatment  of  tidal 
water. 

Gravitation  water-pressure  engines ;  turbines,  various  systems  of  con- 
struction, leading  conditions  to  give  best  result,  inherent  defects,  for 
high  falls,  for  low  falls,  comparison  with  water  wheels,  useful  effect,  first 
cost,  convenience  and  expense  for  repair,  working  in  tail  water,  advan- 
tage from  high  velocitv,  equiUbrium. 

Engines  deriving  tneir  power  from  heat,  steam,  hot  air,  gas;  the 
source  of  heat,  the  equivalent  of  work  in  heat,  loss  of  heat  by  present 
arrangements,  the  heat  contained  in  fuel,  steam  boilers,  stationary, 
marine,  locomotive,  materials  for  construction,  strength  of  boilers  for 
internal  pressure,  external  pressure  of  elliptical  or  flat  surfaces,  boiler 
feeding,  pumps,  injectors,  prevention  of  incrustation,  explosion ;  general 
economy  and  management;  steam  engines,  stationary,  marine,  loco- 
motive, condensing,  non-condensing,  working  expansively;  leading 
conditions  that  determine  waste,  economy ;  the  principle  of  valves,  slide, 
equilibrium,  &c. ;  steam  hammer  construction. 

Machine  tools  for  wood :  the  principle  of  copying  as  developed  in 
sawing,  planing,  morticing,  tenonmg,  drilling,  shaping,  carving,  mould- 
ing gunstocks,  &c.  Machine  tools  for  metal,  the  sliding  rest  principles 
combined  with  being  self-acting,  and  shape  or  form  derived  by  transfer 
from  copy  contained  in  apparatus ;  the  dead  centre  principle,  modern 
lathes,  machines  for  planing,  slotting,  drifting,  shaping,  screwing,  wheel 
cutting,  rifling,  drilling ;  ad\'antage  derived  from  introduction  of  true 
surface,  correct  measurement  of  parts,  measuring  machine,  principles 
which  determine  the  proper  speed  for  cutting  wood  and  metal,  machmes 
that  act  more  by  force  than  by  cutting,  shearing,  punching;  the  principle 
of  circuUr  shears,  &c.,  screwing  apparatus  various,  advantage  derived 
from  uniform  system  of  screws. 

General  machinery  :  cranes,  hand,  steam,  travelling,  portable,  derrick, 
sheer  legs.  Paper  manufacture,  printing,  coining.  Textile  manu- 
frictures,  carding,  spinning,  weaving,  sewing.  Measuring.  Turntables, 
weighing  machines.  Agricultural  machinery,  engines,  steam  plough, 
reaping,  thrashinff,  modem  grinding  mills,  traction  engines. 

Adaptation  of  form  and  material  for  maximum  resistance,  beams,  cast 
iron,  wrought  iron ;  tubular  girders,  construction  of  roofs,  limber 
bridges,  suspension  bridges,  iron  pillars ;  construction  of  tanks,  strength 
of  cast-iron  pipes,  hydraulic  press  cylinders,  relation  of  ultimate  strength 
of  materials  to  limit  of  elasticity  and  safe  working  load. 

Examination  fob  Honours. 
The  foregoing  syllabus  will  suffidently  indicate  the  nature  of  subjects 
that  will  form  the  basis  for  the  "  Examination  in  Honours  in  Applied 
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"  Mechiuiics,"  it  will  be  expected  However,  that  the  candidate  in 
addition  to  being  able  to  give  an  intelligent  answer  to  the  various 
questionsy  and  to  make  hand  sketches  of  such  parts  as  may  be  required, 
sluJJ  be  thoroughly  grounded  in  the  laws  of  nature,  so  far  as  they 
relate  to  the  philosophical  and  mathematical  principles  on  which  the 
various  branches  of  implied  mechanics  are  founded,  and  the  candidate 
should  not  only  be  familiar  with  the  formulae,  but  should  be  able  to 
rafer  back  to  the  data  from  which  they  are  derived. 

Books  recommended : — Willis's  Mechanism.  Baker's  Elements  of 
Meekamsm,  The  books  in  Weale*s  series  which  treat  on  the  subjects 
needed,  Twisden's  Practical  Mechanics,  Goodeve's  Elements  of 
Mechanism,  Record  of  the  International  Exhibition,  1862.  Pambour's 
Theory  of  the  Steam  Engine,  Pambour's  Jjocomotive  Engine,  Chirk^s 
Locomotive  Engine,  Bourne  on  Steam  Engine,  Bree's  Radway  Practice, 
Camus  on  Teeth  of  Wheels.  Barlow's  Strength  of  Materials,  Tregold's 
Canentry,  Kirkaldy's  Experiments  on  Wrought  Iron  and  Steel,  Reoort 
of  Commissioners  on  Application  of  Iron  to  Railway  Structures.  Fair- 
bairn's  Useful  Information  for  Engineers.  Holtzapffel's  Turning  and 
Mechanical  Manipulation*  Engineer^  and  Machinists'  Assistant.  2  vols. 
Engineers^  and  Machinist^  Drawing  Book.  Useful  Metals  <md  their  Alloys. 
The  Fcmnder*s  Guide,   £de  on  Management  of  SteeL 


Sabjeot  VUX. — Acoujiticsv  :Lkght  ana  Beat. 

I. — First  Stage  or  Elementary  Course. 
Questions  will  be  confined  to  the  following  topics : — 
Acoustics. 

The  pupil  ought  to  have  a  perfectly  clear  notion  of  the  manner  in 
which  a  wave  is  propagated. 

He  ought  to  know  what  is  meant  by  the  terms  density  and  elasticity 
as  applied  to  air  and  other  bodies,  and  how  heat  and  cold  affect  the 
density  and  elasticity  of  air. 

He  ought  to  be  able  to  describe  simple  experiments  to  prove  that  air 
possesses  both  weight  and  elastidty.  He  ought  to  understand  the  law 
of  Mainotte,  the  construction  and  use  of  the  air  pump,  and  what  occurs 
when  a  sounding  body  is  placed  in  a  space  from  which  the  air  has  been 
withdrawn. 

He  oiight  to  be  taught  to  see  the  play  of  elasticity  in  the  propa* 
gation  of  &  sonorous  wave  through  air,  and  to  have  a  clear  mental  image 
of  the  condensation  and  rarefaction  which  make  up  such  a  wave.  He 
must,  of  course,  be  able  to  distinguish  betuveen  the  motion  of  a  wave 
and  the  motion  of  the  particles  wmch  at  any  moment  form  the  wave. 

He  ought  to  know  how  the  velocity  of  a  wave  is  affected  by  a  change 
of  density,  by  a  change  of  elasticity,  or  by  a  change  of  both. 

He  ought  to  know  the  velocity  of  sound  in  air  of  the  freezing  tern- 
penkture,  and  also  the  amount  of  augmentation  of  velocity  for  eveiy 
degree  of  the  thermometer.  The  temperature  of  the  air  being  given,  he 
ought  to  be  able  to  calculate  the  velocity  of  sound  through  it,  and  the 
velocaty  of  sound  bdng  given  he  ought  to  be  able  to  calculate  the 
temuenture  of  the  air. 

ito  doubt  or  confusion  must  rest  within  his  mind  regarding  the 
jnf^iTig  of  the  terms  velocity,  intensUy,  and  amplitude.  He  ought  also 
to  know  the  relation  of  the  two  last  to  each  other. 

He  ought  to  know  the  laws  of  the  reflection  of  sound  by  tubes  and 
minorSy  and  to  be  able  to  apply  his  knowledge  to  the  explanation  of 
echoes* 


Digitized  byGoOglC 


58 


The  law  of  inverse  squares  as  applied  to  sounds  ought  also  to  be 
explained  to  the  pupil. 

lie  ou^ht  to  be  able  to  figure  mentally  the  propagation  of  a  sound- 
wave through  solids  and  liquids  as  clearly  as  through  air;  to  know  the 
velocity  of  sound  through  water^  and  to  be  able  to  infer  from  this  the 
rdation  of  the  density  of  the  liquid  to  its  elasticity. 

He  ought  to  know  how  the  velocity  of  sound  through  air  has  been 
petermined,  and  to  be  well  exercised  in  the  calculation  of  distances  by 
means  of  light  and  sound. 

The  pupil  ought  to  know  the  physical  difPerence  between  music  and 
noise,  and  to  be  able  ta  state  the  conditions  on  which  the  pitch  and 
the  intensity  of  musical  sounds  depend.  He  ought  also  to  oe  able  to 
describe  various  methods  of  producing  musical  sounds. 

He  ought  to  have  clear  ideas  of  the  len^^h  of  a  wave,  and  of  the  time 
of  a  \-ibration.  The  length  of  a  wave  at  a  definite  temperature  being 
given  he  ou^ht  to  be  able  to  calculate  the  time  of  a  vibration,  and  the 
time  of  a  vibration  being  given  he  ought  to  be  able  to  calculate  the 
length  of  the  wave. 

He  ought  to  be  able  to  describe  a  method  of  determining  firom  the 
pitch  of  a  sound  the  number  of  vibrations  per  second  which  produce  it. 

He  ought  to  know  the  structure  of  the  drum  of  the  ear,  induding  the 
membranes  that  close  it,  and  the  bones  that  cross  it. 

He  ought  to  know  the  laws  of  the  vibration  of  strings,  and  to  under- 
stand the  use  of  sound  boards  in  stringed  instruments. 

He  must  have  a  clear  notion  of  the  formation  of  nodes  upon  a  string, 
by  the  coalescence  of  direct  and  reflected  waves. 

He  ought  also  to  know  the  laws  of  vibration  of  columns  of  air  in  both 
stopped  and  open  pipes.  The  exact  condition  of  the  air  when  the  funda- 
mental notes  of  each  class  of  pipes  is  sounded,  ought  to  be  clearly  present 
in  the  pupil's  mind. 

The  cause  of  beats  in  music  ought  also  to  be  explained  to  the  pupil, 
and  he  ought  to  know  the  range  of  the  human  ear  for  musical  sounds. 

Light. 

Before  entering  upon  the  subject  of  light,  the  teacher  will  hare  been 
careful  to  make  his  pupil  perfecuy  familiar  with  the  conception  of  waves 
of  sound  impinging  upon  the  tympanic  membrane,  and  the  transmission 
of  the  tremor  thus  produced  to  the  auditory  nerve.  He  need  not  attempt 
to  enter  upon  the  details  of  this  transference  to  the  nerve,  but  up  to  the 
tympanic  membrane,  and  including  it,  the  idea  formed  by  the  pupil  of 
sound  waves  and  their  action  must  do  perfectly  distinct,  in  all  cases  an 
image  must  exist  corresponding  to  the  teacher's  words. 

He  must  understand  that  the  sensation  of  light  is  caused  by  some- 
thing that  hits  the  optic  nerve.  That  this  something,  whatever  it  be, 
passes  through  the  hmnours  of  the  eye  to  reach  the  nerve  behind.  The 
conception  of  light  known  as  the  emission  theory  can  afterwards  be 
made  dear  to  the  pupil.  According  to  this  theory  a  ray  of  light  would 
be  a  train  of  these  partieles. 

That  a  ray  of  lignt  proceeds  in  a  straight  line  must  be  made  known  to 
the  pupil.  In  connection  with  this  point  the  inversion  of  objects  by  rays 
passmg  through  small  apertures  must  be  explained. 

The  mode  of  determining  the  velocity  of  light  by  the  edipses  of 
Jupiter's  satellites  must  be  explained  to  the  pupiL 

The  law  of  inverse  squares  must  be  illustmted. 

The  cause  of  shadows  and  penumbrae  must  be  explained. 

The  mode  of  determining  the  relative  intensities  of  two  lights  by 
means  of  the   shadow  test "  must  be  explained. 

The  reflection  of  light  from  plane  mirrors  must  be  explained. 
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The  pupil's  attention  mnst  be  drawn  to  the  lateral  inversion  of  objects 
by  plane  mirrorB.  He  must  know  how  the  distance  of  an  image 
belund  a  looking  glass  is  affected  by  a  change  of  position  of  the  glass 
in  a  direction  perpendicular  to  its  own  planes. 

The  relation  between  the  angular  velocity  of  a  reflected  ray  and  the 
mirror  that  reflects  it  must  be  explained  to  the  pupil.  The  multiplica- 
tion of  images  by  angular  mirrors  ought  also  to  be  explained,  and  from 
it  ^e  appearances  of  the  kaleidoscope  rendered  intelligible. 

The  formation  of  images  by  a  concave  spherical  mirror  ought  to  be 
explained  to  the  pupil.  The  axis,  principal  focus,  and  centre  of  the 
mirror  are  to  be  pointed  out.  Beginning  with  a  luminous  point  placed 
beyond  the  cenlare,  and  upon  the  axis,  the  successive  positions  of  the 
image  of  this  point  during  its  motion  idon^  the  axis  from  a'  great 
distance  through  the  centre  through  the  principal  focus,  up  to  the 
sur&ce  of  the  mirror  itself  must  be  determinable  by  the  pupil.  He  will 
then  be  taught  to  determine  the  position  of  the  images  of  points  not 
placed  on  the  axis.  Objects  of  sensible  dimensions,  such  as  the  pupil's 
own  body,  must  then  be  substituted  for  points.  (The  teacher  will  avail 
himself  of  such  simple  apparatus  as  he  can  command  in  the  explanations 
here  referred  to ;  a  silver  spoon,  if  he  possesses  nothing  better,  will  be 
useful). 

Real  and  virtual  foci  are  to  be  defined. 

The    aberration    of  a  large  spherical  mirror  must  be  explained. 

The  refraction  of  light  must  be  explained.  By  means  of  a  simple  geo- 
metrical construction  the  meaning  of  the  "  index  of  refraction  "  may  be 
explained  to  the  pupil  without  the  introduction  of  the  term  "  sine." 

It  must  be  clearly  explained  that  an  object  looked  at  with  a  single 
eye  appears  more  near  the  ^eater  the  divergence^  is  of  the  rays  which 
reach  the  eye  from  the  vanous  points  of  the  object.  From  this  it  will 
be  inferred  that  a  lake  or  river,  the  bottom  of  which  is  visible,  appears 
more  shallow  than  it  really  is. 

Various  simple,  but  instructive  illustrations  of  the  effects  of  refraction 
will  occur  to  the  teacher,  such,  for  example,  as  the  rendering  of  a  coin 
visible  by  pouring  water  into  a  basin,  and  the  apparent  bending  of  a 
straight  stick  thmst  obliquely  into  water. 

The  circumstances  under  which  total  reflection  occurs  must  be  clearly 
explained  to  the  pupil. 

The  power  and  action  of  lenses  must  be  explained ;  the  teacher  will 
define  the  principal  focus  of  a  lens.  As  in  the  case  of  a  spherical 
mirror,  he  will  bep;in  with  a  luminous  point,  determining  the  position 
and  character  of  its  image,  while  it  moves  from  a  great  distance  up  to 
the  lens  itself.  He  will  pass  from  points  to  objects  of  sensible  dimen- 
sions, and  show  how  the  position  of  the  image  of  every  point  of  such 
object  inay  be  determined. 

Here  also  real  and  virtual  foci  are  to  be  explained. 

Tlie  explanation  of  the  magic  lantern  is  then  to  be  introduced. 

It  would  add  much  to  the  efficiency  of  the  instruction  if  the  teacher 
would  illustrate  the  points  here  referred  to  by  common  spectacle  lenses, 
provided  he  has  nothing  better. 

The  pupil  in  the  first  class  is  also  in  a  condition  to  know  what  is 
meant  by  the  spherical  aberration  of  a  lens. 

He  must  understand  the  optical  structure  of  the  eye,  be  able  to  give 
a  clear  account  of  the  conditions  of  distinct  vision,  and  of  the  causes 
and  remedies  of  long  and  short  sight. 

He  ought  to  be  acquainted  with  the  fact  that  impressions  persist 
upon  the  retina,  and  to  know  what  is  meant  by  irradiation. 

He  ought  to  know  the  principles  of  binocular  vision,  and  to  clearly 
comprehend  how  the  impression  of  soliditjr  is  produced  by  the 
stereoscope. 
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He  ouffht  to  be  made  acquiunted  with  the  composite  character  of 
white  light ;  and  to  be  able  to  describe  an  experiment  by  which  such 
light  may  be  resolved  into  its  coloured  constituents. 

He  ought  to  understand  the  doctrine  of  colours  as  far  as  they  are 
produced  by  absorption. 

And  he  ou^ht  to  understand  the  meaning  of  chromatic  aberration. 

Finally,  it  is  to  be  stated  to  the  pupil  that  according  to  our  best 
knowledge  the  sensation  of  light  is  not  produced  by  the  impact  of  little 
particles  darted  out  from  luminous  booies ;  but  that  it  is  caused  in  a 
manner  somewhat  similar  to  the  sensation  of  sound,  namdy,  by  the 
successive  shock  of  minute  waves  agunst  the  retina. 


HSAT, 

The  pupil  should  know  the  general  effect  of  heat  upon  the  volumes 
of  bodies,  and  should  be  able  to  describe  experiments  illustrative  of  the 
expansion  of  solids  by  heat.  He  ought  also  to  hare  an  idea  of  the  almost 
irresistible  force  of  this  expansion. 

He  ought  to  understand  with  perfect  clearness  what  is  meant  by  the 
coeMcient  of  expansion,  linear,  superficial,  and  cubical. 

He  ought  to  know  by  heart  the  coefficients  of  expansion  of  gold, 
silver,  platinum,  iron,  and  glass ;  and  the  reason  why  it  is  possible  to 
fdse  platinum  wire  into  glass  \^thout  fracture  on  coolin|r. 

He  ought  to  know  the  principle  of  Breguet's  metaUic  thermometer, 
and  to  be  made  acquaintea  with  some  of  the  precautions  which  changes 
of  volume  by  heat  and  cold  render  necessary  in  the  arts. 

He  ought  to  be  able  to  describe  and  explain  the  gridiron  pendulum. 

He  must  be  able  to  describe  the  construction  ana  exphdn  the  use  of 
of  the  mercurial  thermometer ;  the  scales  of  Fahrenheit,  Celsius,  and 
Reaumur  must  be  known  to  him,  and  he  must  be  able  to  convert  im- 
mediately the  readings  of  anj  one  of  them  into  those  of  the  other. 

TTie  dependence  of  the  boiling  point  of  water  upon  external  pressure 
ought  to  be  known,  and  the  pupil  must  be  able  to  give  illustrations  of 
tiiifi  dependence. 

He  ought  to  know  by  heart  the  coefficients  of  expansion  of  water, 
alcohol,  and  mercury. 

The  pupil  must  be  well  acquainted  with  what  is  called  the  maximum 
density  oi  water,  to  state  at  woat  temperature  it  occurs,  and  to  point  out 
its  effects  in  nature. 

He  ought  to  be  acquainted  with  the  change  of  volume  which  occurs 
when  water  passes  from  the  liquid  to  the  solid  state,  and  to  apply  his 
knowledge  to  the  bursting  of  water-pipes  in  frosty  weather.  He  ought 
to  be  acquainted  with  the  fact  that  expansion  on  solidification  is  not  a 
property  peculiar  to  water. 

He  ought  to  be  able  to  describe  experiments  which  shall  illustrate  the 
expansion  of  gases.  The  principle  and  action  of  the  fire-balloon  ought 
to  DC  explained  to  the  pupil. 

The  general  principles  of  ventilation  ought  also  to  be  known  to  him, 
and  also  the  sun's  action  in  the  generation  of  winds.  He  ought  to  be 
able  to  explain  the  Trade  Winds. 

The  constancy  of  the  coefficient  of  expansion  of  gases  ought  to  be 
pointed  out,  with  the  small  deviations  from  the  general  rule  exhibited 
DT  carbonic  and  sulphurous  acids.  The  chemical  and  physical  character 
of  these  gases  ought  to  be  known  to  the  pupil. 

He  ought  to  know  the  constitution,  chemical  and  physical,  of  aqueous 
vapour,  and  how  it  is  diffused  in  the  atmosphere.  He  ought  to  know 
the  meaning  of  the  term  saturated  as  applied  to  air  charged  with  vapour. 

The  effect  of  expansion  in  chilling  air  ought  to  be  known  to  the  pupil. 

Digitized  by  Google 


61 


and  also  the  condensation  of  the  aqueons  vapour  difPused  through  the 
air  in  consequence  of  sach  a  chilh 

He  ought  to  be  able  to  see  the  application  of  this  knowledge  to  the 
explanation  of  clouds  and  rain. 

He  ought  to  have  a  perfectly  clear  idea  of  what  is  meant  bv  specific 
heat  or  capacity  for  heat,  and  to  be  able  to  describe  the  calonmeter  of 
Lavoisier  and  Laplace.  He  ought  to  know  by  heart  the  specific  heats  of 
water,  alcohol,  mercury,  iron,  and  lead ;  and  to  be  made  aware  of  the 
influence  which  the  high  specific  heat  of  water  exercises  upon  climate. 

He  ought  also  to  be  intimately  acquainted  with  the  facts  covered  by 
the  term  latent  heat.  Taking  a  block  of  ice  at  a  temperature  below  the 
freezing  point,  he  ought  to  be  able  to  describe  with  perfect  accuracy  what 
occurs  when  the  temperature  of  the  substance  is  raised  until  it  liquifies^ 
boils,  and  is  converted  into  vapour. 

The  latent  heat  of  water,  as  expressed  on  the  Fahrenheit  and  centi- 
grade scales,  ought  to  be  in  the  pupil's  memory. 

The  cold  of  evaporation  and  its  effect  in  freezing  water  in  the  cxyopho- 
ms  ought  to  be  known  to  the  pupil. 

He  ought  to  be  exercised  in  calculations  on  the  changes  of  tempera- 
ture due  to  the  mixture  of  steam  and  water  in  various  proportions. 

The  pupil  ought  to  know  what  is  meant  by  the  conduction  of  heat,  and 
must  be  aole  clearly  to  distinguish  it  from  the  distribution  of  heat  by 
ccnrectiott.  He  ought  to  know  by  heart  the  numbers  expressing  the 
relative  conductivity  of  gold,  silver,  copper,  iron,  and  lead. 

He  ought  to  be  acquainted  with  the  low  power  of  conduction  of  organic 
substances ;  to  know  the  effect  of  mechanical  texture  on  the  transmission 
of  heat^  and  to  explain  the  function  of  clothes  in  preserving  the  body 
from  cold. 

He  ought  to  be  acquainted  with  the  character  and  phenomena  of 
combustion ;  to  be  able  to  explain  the  chemical  actions  which  occur  in 
the  combustion  of  coal  and  of  ordinary  gas,  and  to  explain  the  manner 
in  which  a  candle  flame  receives  its  supply  of  combustiole  matter. 

The  combustion  of  the  diamond  and  Newton's  prediction  regarding 
it  ought  to  be  known  to  the  pupil.  That  animal  heat  is  due  to  slow 
combustion  ought  also  to  be  made  known. 

The  structure  of  an  ordinary  gas  flame  ought  to  be  pointed  out, 
and  the  cause  of  the  difference  between  this  flame  and  that  of  a  Bimsen's 
burner  explained. 

The  pupil  must  be  acquainted  with  the  general  phenomena  of  radiant 
heat.  The  similarity  between  the  phenomena  of  radiant  heat  and  those 
of  light,  as  regards  reflection  and  refraction,  ought  to  be  known  to  the 
pupU. 

The  different  powers  possessed  by  different  substances  to  radiate  heat 
ought  to  be  pointed  out,  and  this  knowledge  ought  to  be  applied  in 
explaining  the  striking  fact  that  the  cooling  of  a  vessel  may,  under 
certain  circumstances,  be  hastened  by  surrounding  it  with  flannel. 

The  reprocity  of  radiation  and  absorption  ought  to  be  known  to  the 
pupU. 

He  ought  also  to  know  what  is  meant  by  the  term  diathermancy,  and 
to  be  able  to  point  how  this  property  is  manifested  by  different  bodies. 

n. — Second  Stage  or  Advanced  Course. 

Questions  may  be  set  in  all  Subjects  enumerated  under  the  Elementary 
Stage,  and  in  addition  on  the  following  topics: — 
Acoustics. 

The  second  course  in  acoustics  includes  an  intimate  knowledge  of 
an  the  subjects  mentioned  in  the  first.  In  addition  to  this  a  knowledge 
of  the  following  subjects  will  be  required : — 
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The  augmentation  of  the  velocity  of  propagation  of  a  wave  of  sound 
through  air  by  the  condensation  and  rarefaction  of  the  sound  wave 
itself. 

Harmonic  tones,  thdr  generation  and  their  function  in  music. 
The  laws  which  regulate  the  transverse  vibrations  of  rods. 
The  vibrations  possible  to  a  tuning  fork,  a  disk,  and  a  bell. 
The  formation  of  Chladni's  figures. 

The  laws  which  regulate  the  longitudinal  vibrations  of  strings  and 
rods.  By  a  comparison  of  the  notes  emitted  by  a  rod  and  a  column  of 
air  the  pupil  ought  to  be  able  to  determine  the  relative  velocities  of 
sound  through  both  substances. 

The  conditions  and  cause  of  resonance  ought  to  be  known  to  the 
pupil. 

He  ought  also  to  know  how  sounds  are  produced  by  the  vocal  organs 
of  man,  and  to  see  clearly  the  similarity  between  such  sounds  and 
those  of  the  syren.  As  a  case  of  the  same  kind,  the  construction  and 
explanation  of  the  Eolian  harp  ought  also  to  be  known  to  the  pupil. 

He  ought  to  be  well  acquainted  with  the  principles  of  intenerenoe  as 
applied  to  sound. 

He  ought  to  be  acquainted  with  the  principles  of  harmony,  to  know 
the  ratios  of  the  vibrations  corresponding  to  the  notes  of  the  gamut,  to 
be  able  to  give  a  clear  account  of  the  bearing  of  interference  upon  the 
question  of  consonance  or  dissonance,  and  to  explain  why  those  ratios 
which  are  represented  by  small  whole  numbers  correspond  to  the  most 
perfect  harmony. 

Light. 

The  candidate  in  the  second  course  must  be  intimately  acquainted 
with  all  t^e  subjects  mentioned  in  the  first. 

He  must  be  able  to  apply  his  knowledge  of  total  reflection  to  the 
explanation  of  the  mirage  of  the  desert. 

He  must  be  able  to  Ascribe  experiments  by  which  white  light  may  be 
produced  by  the  admixture  of  its  constituents. 

He  must  know  what  is  meant  by  achromotism. 

He  must  be  able  to  give  a  clear  description  of  the  undulatory  theory, 
and  to  state  how  the  colours  of  the  spectrum  are  accounted  for  by  that 
theory. 

He  must  be  able  to  define  a  ray  of  light  in  accordance  with  the 
undulatory  theorv. 

He  must  be  able  to  show  how  the  reflection  and  refiraction  of  light 
occur  according  to  the  undulatory  theory. 

He  must  be  able  to  describe  the  appearances  presented  when  incan- 
descent metallic  vapours  are  analysed  oy  the  prism.  Especially  must  he 
be  able  to  state  what  occurs  when  a  sodium  flame  is  thus  analysed. 

He  must  <dso  be  able  to  state  what  occurs  when  white  light  is  trans- 
mitted throuffh  a  sodium  flame,  and  he  must  be  able  to  describe  an 
experiment  which  shall  render  manifest  what  occurs. 

He  must  be  able  to  state  generally  the  relation  that  subsists  between 
radiation  and  absorption  by  gases  and  vapours. 

The  lines  of  Fraunhofer  must  be  known  to  the  pupil,  and  from  this 
knowledge  in  conjunction  with  the  knowledge  demanded  by  the  fore- 
going paragraphs,  he  must  be  able  to  infSer  the  probable  constitution  of 
the  sun. 

The  pupil  ought  also  to  know  the  principles  of  interference  as  applied 
to  light. 

He  ought  to  be  able,  in  accordance  with  these  principles,  to  account 
for  the  colours  of  thin  plates  and  of  striated  surfaces. 
The  general  principles  of  diffiraction  ought  to  be  kn  own  to  tne  pupW 
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He  ought  to  know  what  is  meant  by  plane  polarized  light ;  to 
describe  the  act  of  polarization  in  the  language  d  the  undolatory  theory. 

He  ought  to  know  what  occun  when  a  beam  of  light  is  transmitted 
Enough  a  crystal  of  Iceland  spar;  and  to  describe  the  state  of  the 
emergent  light  as  regards  polarization. 

He  ought  to  be  able  to  describe  the  effects  observed  when  light  is 
tnmsmitted  through  two  plates  of  tourmaline  cut  parallel  to  the  axis  of 
tiie  eiystal. 

He  ought  to  be  able  to  describe  some  form  of  the  polariscope^  and 
to  state  and  explain  by  the  principles  of  interference  what  occurs  when 
a  thin  plate  of  selenite  is  placed  between  the  polarizer  and  analyser. 

Heat. 

The  candidate  in  the  second  course  must  be  intimately  acquainted 
wiili  all  the  subjects  introduced  into  the  first. 

He  ought  to  be  able  to  give  a  clear  statement  of  the  mechanical  theory 
of  heat  as  distinguished  from  the  material  theory. 

He  must  know  what  is  meant  by  the  "  mechanical  equivalent  of  heat/' 
and  how  it  has  been  determined. 

He  must  know  what  is  meant  by  specific  heat  at  constant  volume  and 
afc  constant  pressure,  and  to  have  in  nis  memoiy  the  numerical  ratio  of 
tiie  two  specific  heats. 

He  ought  to  be  able  not  only  to  explain  the  meaning  of  the  difference 
lieiween  the  two  specific  heats  m  accordance  with  the  mechanical  theory, 
but  also  to  show  how  from  this  ratio  the  mechanical  equivalent  of  heat 
may  be  determined. 

Given  the  weight  and  velocity  of  a  moving  body  he  ought  to  be  able 
to  calculate  the  amount  of  heat  generated  by  the  stoppage  of  the  motion. 

He  ought  to  be  able  to  apply  the  conceptions  of  the  mechanical  theory 
to  the  phenomena  of  combustion. 

He  ought  also  to  be  able  to  show  the  bearing  of  the  theory  upon  the 
phenomena  of  specific  and  latent  heat. 

III. — Examination  for  Honours. 

The  candidate  for  honours  must  be  intimately  acquainted  with  the 
fbregoing  two  courses.  He  must  also  show  himself  practically  acquainted 
with  the  apparatus  employed  in  acoustics,  light,  and  heat. 

Brook's  and  Golding  Bird's  Physics :  (^Etnofs  Physics:  Lardner's 
Natural  Philosophy  ;  Balfour  Stewut  On  Heat ;  Tyndall's  Heat  a  mode 
of  Motion  :  Tyndall's  Lectures  on  Sound. 

Subject  ZJL — Magnetlam  and  Slectrieity. 

First  Stage  or  Elementary  Course. 
Magnetism, 

It  is  exceedingly  desirable  that  the  pupil's  ideas  of  the  fundamental 
&cts  and  principles  of  magnetism  should  be  as  clear  as  our  knowledge 
and  his  capacity  can  make  them. 

He  ought  to  be  made  acquainted  with  the  action  of  the  natural  magnet 
or  loadstone  on  small  pieces  of  iron.  This  is  to  be  mentioned  to  him 
as  the  first  fact  observed,  but  for  the  explanation  of  which  other  facts 
are  necessary.  The  action  of  two  natural  magnets  upon  each  other 
ought  to  be  described,  and  through  this  action  a  clear  notion  of  the 
dodrine  of  magnetic  polarity  ought  to  be  conveyed  to  the  pupil's  mind. 

The  power  of  the  natural  magnet  to  confer  its  own  magnetic  properties 
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upon  steel,  and  the  action  of  the  natural  magnet  on  the  steel  which  it 
has  magnetised^  ought  to  be  explained. 

The  action  of  two  pieces  of  magnetised  steel  upon  each  other  ought  to 
be  made  clear,  and  m>m  this  action  the  fundamental  law  that  like  poles 
repel  each  other,  and  that  unlike  poles  attract  each  other,  ought  to  be 
deduced. 

The  distribution  of  ma^etism  in  a  bar  magnet  ought  to  be  mad« 
dear.  The  effect  of  breaking  the  magnet  into  two  halves ;  the  effect  of 
affain  breaking  these  halves ;  and  through  facts  of  this  nature,  a  dear 
idea  is  to  be  conveyed  that  each  molecule  of  the  magnet  is  itsdf  a 
magnet;  the  action  of  the  magnet  as  a  whole  being  &e  sum  of  the 
actions  of  its  molecules. 

It  is  of  exceeding  importance  that  the  pupil  should  be  taught  to 
connect  the  facts  of  magnetism  bv  means  of  the  provisional  conception 
known  as  the  theory  of  magnetic  fluids.  The  teacher  will  assure  himself 
that  a  correct  image  of  this  theoiy  is  in  the  pupil's  mind.  He  will  at 
the  same  time  be  careful  to  inform  the  pupil  that  the  theory  is  an  image 
merely,  which  enables  him  to  connect  and  classify  his  facts,  and  that  it 
is  not  a  proved  scientific  truth. 

The  theory  is  to  be  applied  in  explaining  the  difference  between  iron 
and  sted  as  regards  their  power  of  accepting  and  retaining  magnetiam. 
The  term  coercive  force  and  aU  that  rdates  to  it  will  here  come  under 
re^dew. 

The  theory  is  also  to  be  applied  in  explaining  the  first  observed  facts  of 
magnetism,  including  in  uiem,  and  illustrating  by  them  the  general 
phenomena  of  magnetic  induction,  or  magnetization  by  influence.  Every 
student  ought  to  have  a  dear  image  of  the  state  of  a  piece  of  iron  acted 
on  by  a  magnet,  and  he  ought  to  be  able  to  explain  why  the  attraction  of 
the  iron  is  a  consequence  of  that  state.  He  ought  clearly  to  see  that 
repulsion  as  well  as  attraction  is  at  work,  the  resultant  attraction  being 
the  difference  of  both. 

He  ought  to  understand  that  when  the  attracting  magnet- is  very  dis- 
tant, the  difference  between  attraction  and  repukion  is  so  small  as 
to  be  imperceptible ;  this  knowledge  wiU  render  it  easy  for  hun  to  com- 
prehend why  the  magnetic  poles  of  the  earth  which  give  directum  to  a 
magnetic  needle  are  incompetent  to  produce  a  motion  of  translation. 

The  pupil  ought  to  know  the  facts  of  tenrestrial  magnetism ;  why  it  is 
that  we  consider  the  earth  a  magnet.  It  will  be  possible  to  make  him 
acquainted  with  all  that  is  known  regarding  the  position  of  the  earth's 
magnetic  equator  and  of  the  terrestriid  magnetic  poles. 

The  terms  declination  (variation],  inclination  (dip),  and  magnetic 
intensity,  ought  to  be  explained  to  him. 


Electricity  (frictionaJ), 

Here  also  care,  must  be  taken  to  imprint  the  fundamental  facts  and 
principles  dearly  and  firmly  upon  the  pupil's  mind.  It  is  easy  in  the 
case  of  Actional  dectricity  to  let  the  pupil  actually  see  some  of  the  facts ; 
and  it  is  exceedingly  desirable  that  he  snould  do  so.  The  same  remark 
applies  to  the  dementary  facts  of  magnetism. 

As  in  the  case  of  magnetism,  the  fact  first  observed,  namely,  the 
attraction  of  light  bodies  by  rubbed  amber,  must  be  shown  to  need 
other  facts  for  its  explanation. 

The  mode  of  exciting  bodies  by  friction  is  to  be  described ;  the  action 
of  rubbed  and  unrubbed  \itreous  bodies  upon  each  other ;  the  action  of 
rubbed  and  unrubbed  resinous  bodies  upon  each  other ;  and  the  action 
of  vitreous  bodies  upon  resinous  bodies,  and  the  reverse,  are  to  be  clearly 
described  and  illustrated.   From  these  facts  the  law  is  to  be  deduced 
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tiiai  bodies  simikrly  electrified  lepd,  and  dissimilnrly  electrified  attract, 
mtAk  other.  The  pupil  on^ht  to  know  why  the  terms  vitreous  and 
nainoiM,  as  applied  to  eleelricity»  have  been  abandoned. 

Having  been  made  acquainted  with  the  elementary  Acts  and  princi- 
ples, the  pupil  is  to  be  rendered  ftmiliar  with  the  provisional  conception 
called  the  theory  of  electric  fluids.  As  in  the  case  of  magnetism,  he  is 
to  understand  tnat  this  theory  is  an  image  merely,  and  not  a  trutii. 

He  ought  to  be  made  acquainted,  by  experiments  performed  or 
described,  with  the  qualities  of  insulation  and  conduction.  He  ought  to 
know  the  reason  of  the  old  divisicm  of  bodies  into  electrics  and  non- 
dectrics,  and  also  the  unsound  character  of  this  classification. 

Clear  definitions  ought  to  be  given  as  to  what  is  to  be  understood  by 
positive  and  what  by  negative  electricity.  The  nupil  must  be  able  to 
deteimine  the  quality  of  the  eleotricitv  with  which  any  body  is  charged. 

He  must  be  tbcroughly  versed  in  the  phenomena  of  electric  induction, 
and  must  be  able  to  apply  the  theory  of  electrio  fluids  in  the  explanation  . 
of  theae  phenomena,  in  connexion  wiUi  the  subject  of  electricity  this  is 
the  most  importont  part  of  the  teacher's  duty,  for  upon  a  knowledge  of 
the  fikcts  and  principles  of  electric  induction  the  comprehension  of  almost 
an  that  foDows  it  depends. 

The  pupil  ought  to  be  able  to  construct,  or  describe  the  construction, 
of  an  electrophorus,  and  to  explain  its  action  by  reference  to  the  principles 
of  electrie  induction. 

He  ought  to  be  able  to  explain  the  condenser  by  reference  to  the  same 
pnnci|de8. 

He  ought  to  be  able  to  explain  the  charging  and  discharging  of  the 
Levden  jar  by  reference  to  the  same  principles. 

He  ought  to  be  able  to  describe  the  charging  of  the  prime  conductor 
of  an  eleiSric  machine  by  reference  to  the  same  principles. 

The  knowledge  implied  in  the  last  three  questions  embraces  that  of 
the  construction  of  the  condenser,  the  Leyden  jar,  and  the  electric 
machine.  The  first  form  of  the  L^den  jar  ought  to  be  known  to  the 
popfl. 

The  distribution  of  electricity  on  the  surfiwes  of  conductors  is  to  be 
made  known,  and  from  it  the  power  of  points  to  disperse  electricity 
ought  to  be  deduced.  The  pupu  ought  to  realize  that  in  virtue  of  its 
■df-repeUing  character  an  electric  fluid  always  moves  to  the  external 
sur&oes  of  bodies.  Hie  power  of  flames  in  dispersing  electricity  ought 
also  to  be  made  known  to  the  pupil. 

He  will  now  be  ready  to  understand  the  form  and  theory  of  lightning 
conductors. 

The  physiological,  deflagrating,  and  mechanical  effects  of  the  electrio 
disehaige  ought  to  be  known  to  the  pupil.  He  ought  also  to  be  able 
to  apply  his  knowledge  to  the  explanation  of  thunder  and  lightning,  and 
of  the  return  shock. 


Voltaic  Electricity, 

The  simplest  combinations  for  the  generation  of  a  voHaic  current 
o>Uffht  to  be  made  known  to  the  pupil.  The  electric  state  of  the  free 
ends  of  ihe  two  metals  immersed  m  the  exciting  liquid  ought  to  be 
dcaoibed ;  he  ought  to  be  taught  to  apply  the  theory  of  elednc  fluids 
to  the  conception  of  two  currents  flowing  in  opposite  directions,  and 
tiien  the  omission  of  one  of  these  currents  as  a  matter  of  convenience 
ought  to  be  made  known. 

It  is  veiT  important  that  the  pupil  should  have  a  clear  physical 
image  of  the  fundamental  phenomena  before  his  mind.  As  in  cases 
fomcriy  referred  to,  the  teacher  will  be  careful  to  explain  that  this 
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idea  of  a  fluid  flowing  in  a  current  is  an  image  merely,  and  not  a  proved 
truth. 

Cralvani's  experiment  with  the  legs  of  the  frog  which  he  suspended 
by  a  copper  hook  on  an  iron  railing  ought  to  be  explained;  and 
auo  the  experiment  of  Sulzer,  where  the  tongue  is  placed  between  two 
mfitalB* 

The  bearing  of  the  experiment  illustrating  "  the  return  shock "  on 
Galvani's  first  observation  ought  to  be  explained. 

Tlie  idea  of  an  electro<motive  force  separating  the  two  eleokieitiea 
and  driving  them  in  opposite  directions  ought  to  be  distinct  in  the 
pupil's  mind. 

He  ought  to  be  made  acquainted  with  the  magnetical  efPeots  of  the 
circuit,  with  the  action  oi  a  current  upon  iron  mings,  with  its  action 
upon  a  freely  suspendea  magnetic  needle.  In  this  latter  action  he  is  to  be 
particularly  well  versed,  so  as  to  be  able  immediately  from  the  deflection 
of  the  needle  to  infer  the  direction  of  the  current,  and  from  the  direction 
of  the  current  the  deflection  of  the  needle. 

He  must  know  the  action  of  a  current  upon  a  bar  of  iron  placed  within, 
a  coil  round  which  a  current  circulates.  He  must  understand  the  magnetic 
pronerties  both  of  the  coU  and  of  the  bar. 

He  ought  to  be  made  acquainted  with  the  simplest  form  of  the  multi- 
plying galvanometer. 

He  ought  to  understand  the  principles  of  the  needle  telegraph. 
Some  of  the  chemi«il  eflsots  of  the  current  ought  to  be  made  known 
to  the  pupU.    He  ought,  for  example,  to  have  a  distinct  notion  of  the 
composition  of  water,  and  an  equally  distinct  notion  of  its  decomposition 


Second  Stage  or  Advanced  Courbe. 
Magnetim. 

The  more  advanced  pupils  that  undertake  the  second  course  ought  to 
be  intimately  acauainted  with  all  the  subjects  introduced  into  the  first. 
The  following  aaditional  subjects  are  to  be  mastered. 

The  disposition  of  the  so-odled  magnetic  curves  round  a  bar  magnet, 
round  two  bar  magnets  witii  similar  or  unlike  poles  adjacent  to  each 
other,  and  round  a  horse-shoe  magnet,  must  be  clearly  understood.  The 
pupil  must  know  how  a  short  magnetic  needle,  or  of  a  short  bar  of  iron 
freely  suspended  acts  in  relation  to  those  lines,  and  he  must  be  able  to 
show  that  the  lines  are  deducible  from  the  doctrine  of  magnetic  polarity 
combined  with  elementary  mechanical  conceptions. 

He  must  be  able  to  figure  mentally  the  magnetic  curves  of  the  earth, 
and  tasee  their  relation  to  the  line  of  d^. 

He  must  have  perfectly  cleat  notions  as  to  what  is  meant  bythe^ 
strength  of  a  magnet.  He  must  be  able  to  compare  the  strength  of 
magnets  together,  by  the  method  of  oscillation,  by  the  torsion  balanoe, 
or  by  the  deflection  of  a  small  magnetic  needle. 

A  knowledge  of  the  principles  and  use  of  the  torsion  balance  is  quite 
essential. 

He  must  know  what  is  meant  by  the  law  of  inverse  squares,  and  be 
able  to  show  how  it  has  been  experimentally  demonstrated. 

The  pupil  must  be  acquainted  with  the  effect  of  temperature  and  of 
percussion  upon  a  magnet. 

He  must  know  the  meaning  of  the  terms  horizontal  intensity,  vertical 
intensity,  and  total  force.  He  ought  also  to  know  what  is  meant  by  the 
variation  of  all  of  those,  that  they  are  different  at  different  parts  of  the 
earth's  surface,  at  different  hours  of  the  day,  at  different  seasons  of  tiie 
year.  To  a  knowledge  of  the  diurnal  and  annual  variations,  he  ought 
to  add  a  knowledge  of  the  secular  variation. 
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Electricity  (frictional)^ 

The  more  advanced  pupil  must  be  intimately  acquainted  with  all  the 
subiects  introduced  into  the  first  course. 

He  must  understand  the  cascade  arrangement  of  the  Leyden  battery^ 
as  contrasted  with  the  ordinary  arrangement. 

He  must  understand  the  application  of  the  torsion  balan.oe  to  the 
measuranent  of  electric  force. 

He  ought  to  be  able  to  think  out  and  describe  various  new  and  simple 
forma  of  the  condenser  and  the  Leyden  jar. 

He  ought  to  be  able  to  carry  forward  the  idea  of  an  electric  4uid  to 
ihe  conception  of  a  current  of  such  fluid ;  he  ought  to  be  able  to  describe 
the  chemical  and  magnetical  efiPects  of  such  a  current.  He  ought  to  be 
able  clearly  to  contrast  those  actions  as  manifested  by  frictional  dectricity 
with  the  same  actions  as  manifested  by  voltaic  electricil^. 

He  ought  to  be  able  to  describe  the  experimental  arrangements 
necessary  to  the  production  of  primary^  secondary,  tertiary,  and  currents 
of  higher  order  by  the  discharge  of  the  electric  battery. 

He  must  understand  the  law  of  inverse  squares  as  applied  to  electricity, 
and  clearly  comprehend  its  limitations. 

The  diurnal  variation  of  atmospheric  electricity  ought  to  be  known  to 
thepupil. 

Tne  application  of  the  unit  jar  in  the  measurement  of  electric  charges 
ought  to  be  known  to  the  pupil. 

The  terms  quantity  and  intensity  (or  as  it  is  called  by  some  density) 
as  applied  to  electricitv  ought  to  be  clearly  understood.  The  relation 
of  the  heating  power  of  an  electric  discharge  to  its  quantity  and  inten- 
sity ought  BkSo  to  be  known  to  the  pupil. 

Voltaic  Electricity, 

The  m<nre  advanced  pupil  must  be  intimately  acquainted  with  the 
subjects  mentioned  in  the  mat  course. 

To  ihe  electro-magnetical  knowledge  there  demanded  he  is  to  add 
the  knowledge  of  determining  ihe  strength  of  a  current  by  the  deflection 
of  a  magnetic  needle. 

He  ought  also  to  be  able  to  determine  the  relative  strength  of  two 
currents  by  their  chemical  action. 

He  ought  to  know  how  the  magnetism  of  a  bar  of  iron  augments  in 
intensity  as  the  currents  which  surround  it  augments  in  strength. 

He  ought  to  know  how  the  attraction  of  iron  by  an  electro-magnet 
augments  as  the  exciting  current  is  augmented.  In  this  case  he  ought 
to  see  and  be  able  to  describe  the  difference  between  a  piece  of  soft  iron 
and  a  piece  of  exceedingly  hard  magnetized  steel. 

He  ought  to  be  acquainted  with  induced  currents,  their  various  modes 
of  generation,  and  their  laws  of  action. 

He  ought  to  be  able  to  explain  the  ordinary  madical  magneto-electric 
coil.  He  ought  also  to  be  able  to  describe  Ruhmkorfo's  coil,  and  some 
of  the  effects  obtainable  by  it. 

He  ought  to  be  able  to  sketch  a  current  reverser. 

He  ought  to  understand  the  principles  of  the  astatic  needle. 

He  ought  to  be  able  to  desoriDe  the  phenomena  of  the  extra-current. 

He  ought  to  be  made  acquainted  with  the  mutual  action  of  currents 
ii]K>n  each  other,  with  the  attractions  and  repulsions  which  are  dependent 
upon  direction. 

He  ought  to  know  how  a  coil  of  copper  wire  may  be  suspended  so  that 
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when  a  cnirent  flows  through  the  vnie  it  shall,  like  a  magnetic  needle, 
obey  the  directive  action     the  earth. 

He  ought  to  be  acquainted  with  the  principles  of  electro-plating, 
adding  to  a  knowledge  of  the  decomposition  of  water  a  knowledge  of 
other  decompositions,  by  which  conducting  surfeces  may  be  coated  with 
copper,  silver,  or  gold. 

He  ought  also  to  be  made  acouainted  with  the  chemical  actions  that 
occur  wiUiin  a  voltaic  cell  when  tne  current  circulates. 

The  arrangement  of  cells  into  batteries  ought  to  be  described.  The 
pupil  ought  to  be  made  acquainted  with  the  pile  of  Volta  and  the 
crown  of  cups.  He  ought  also  to  have  explained  to  him  the  battery  of 
Grove. 

The  reason  for  employing  two  fluids  in  the  cells  of  this  battery  ought 
to  be  explained. 

The  dependence  of  the  heat  generated  on  the  resistance  overcome  by 
the  current  ought  to  be  made  luiown.  He  ought  to  be  taught  to  form 
as  definite  a  conception  as  possible  of  resistance  in  relation  to  electro- 
motive force,  and  to  understand  the  formula  which  expresses  the  relation 
of  heat,  resistance,  and  current  strength. 

He  ought  to  understand  the  theoiy  of  molecular  currents,  and  to  be 
able  to  apply  this  theory  in  explanation  of  the  phenomena  of  magnetism. 


Examination  for  Honours. 

A  candidate  who  enters  the  honours  examination  must  be  intimately 
acquainted  with  the  foregoing  two  courses  in  magnetism.  In  addition 
to  this  he  must  be  able  to  show  that  he  has  a  competent  practical  know- 
ledge of  the  apparatus  employed.  He  must  show  ability  m  devising  and 
executing  experiments,  and  ought  to  be  able  in  the  presence  of  the 
examiner  to  perform  experiments  illustrative  of  any  or  all  of  the  subjects 
introduced  in  the  foregoing  two  courses. 

The  candidate  ought  also  to  know  the  facts  and  principles  of  dia- 
magnetism.  He  ought  also  to  be  able  to  describe  and  explain  the 
deportment  of  crystalline  bodies  between  the  poles  of  a  magnet. 

in  frictional  electricitv,  besides  an  intimate  acquaintance  with  both  of 
the  foregoing  cotuves,  the  candidate  must  possess  a  competent  practical 
knowledge  of  the  apparatus  employed.  He  must  be  able  to  devise  and 
execute  experiments  in  the  exammer's  presence.  He  must  be  intimately 
acouainted  with  the  experiments  with  a  rotating  mirror  by  which 
Wneatstone  determined  the  velocity  of  electricity  and  the  duration  of 
the  electric  spark. 

Voltaic  Electricity. 

Besides  being  iQtimately  acquainted  with  the  two  foregoing  courses, 
the  candidate  must  have  a  practical  acquaintance  with  the  apparatus 
employed  in  voltaic  electricity. 

He  must  be  intimately  acquainted  with  the  laws  of  Ohm  which  express 
the  relation  of  electro-motive  force,  internal  and  external  resistance,  and 
current  strength. 

He  must  be  able  to  apply  the  principles  of  the  dvnamical  theory  of 
heat  to  the  heat  phenomena  of  the  voltaic  current.  He  must  be  clearly 
informed  as  to  the  manner  in  which  the  heat  is  distributed  within  and 
without  the  batteiy. 

Brooks  and  Goldixig  Bird's  Physics:  Ganot's  Physics;  Lardner's 
Natural  Philosophy  :  fttgnwyn'a  Electricity. 
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Snlijeet  ac — ^Znorffanio  Clieiiilstrar. 

First  Stags  or  Elbmbntary  Coursb. 

Pupils  presenting  themselves  for  examination  will  be  expected  to 
possess  a  knowledge  of  the  following  subjects : — 

Definition  of  chemistry.  Simple  and  compound  matter.  Di£Perent 
modes  of  chemical  action.  Combining  weights.  Volume  weights. 
Principles  of  chemical  nomenclature.  Symbolic  notation.  Grraphic 
notation.  Qiemical  formula?.  Chemical  equations.  Atomicity  of 
elements.  Simple  and  compound  radicals.  Definition  of  a  compound 
radical.  Classification  of  elements  into  metals  and  non-metals,  into 
chlorous  and  basylous  elements.   Classification  according  to  atomicity. 

French  and  English  systems  of  weights  and  measures.  Conversion  of 
English  into  French  weights  and  measures.   The  crith  and  its  uses. 

Hydrogen, — Its  preparation  and  properties. 

Chlorine. — Prenaration  of  chlorine  rrom  hydrochloric  acid.  Analvsis 
and  fi^thesis  of  hydrochloric  acid.  Properties  and  reactions  of  hyoro- 
chlonc  add. 

Oxygen. — Its  preparation  and  properties.  Allotropic  oxygen  or 
ozone.  Formation  and  reactions  of  water.  Preparation  and  properties 
of  hydroxyL    Oxides  and  oxacids  of  chlorine. 

Boron, — How  it  occurs  in  nature.  Its  allotropic  modifications.  Boric 
an^dride.    Boric  acids. 

Carbon, — Its  preparation  and  allotropic  forms.  Preparation  and 
properties  of  carbonic  oxide  and  carbonic  anhydride. 

Nitrogen, — Its  preparation  and  properties.  Oxides  and  oxacids  of 
nitrogen.  Compoimd  of  nitrogen  with  hydrogen.  Ammonia.  Ammo- 
nic  salts. 

Smfyhur, — Its  properties  and  allotropic  modifications.  Compounds  of 
sulphur  with  basylous  elements.  Compounds  of  sulphur  with  oxygen 
and  hydroxyl. 

Sbcond  Stagb  or  Advancbd  Coursb. 

In  addition  to  the  above  subjects,  pupils  presenting  themselves  for 
the  advanced  examination  will  be  assumed  to  have  received  instruction 
in  the  following : — 

Theory  of  atoms  and  molecules.  Empirical,  rational,  and  constitu- 
tional formulae.  Absolute,  latent,  and  active  atomicity.  Atomic  and 
molecular  combination. 

Expansion  of  gases  by  heat.  Reduction  of  gaseous  volumes  to  standard 
pressure  and  temperature. 

Manufacture  of  hydrochloric,  nitric  and  sulphuric  acids.  Composi- 
tion and  manufacture  of  bleaching  powder.  Theory  of  bleaching. 
Suitability  of  water  for  domestic  purposes.  Causes  of  permanent  and 
temporary  hardness  in  water. 

Bromine. — Hydrobromic  and  bromic  acid. 

Iodine, — Hydriodic,  iodic,  and  periodic  acid. 

Fluorine, — Hydrofluoric  acid, 

Siiicon, — Silica.  Silicic  add.  Silicic  hydride.  Names  and  formulae 
of  some  of  the  more  important  silicious  minerals. 

Pkoipkorug, —  Phosphoretted  hydrogen.  Adds  and  anhydrides  of 
phosphorus. 

Arsenic, — Arsenious  and  arsenic  adds.  Arseniuretted  hydrogen. 
Detection  of  arsenic. 

Antimony  and  Bitmutk, — ^Preparation  and  properties  of  their  chief 
compounds. 
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The  monad  metals,  especially  potassium,  sodium,  and  silver.  Manu- 
facture of  soda-ash. 

The  dyad  metals.  Barium,  strontium,  calcium,  magnesium,  zinc, 
cadmium,  mercury,  and  copper. 

The  chief  properties  of  the  following  metals: — Gold,  aluminium, 
platinum,  lead,  chromium,  mansanese,  iron,  cobalt,  and  nickel. 

Composition,  preparation  and  properties  of  the  more  important  com- 
pounds of  these  metals. 

Outline  of  qualitative  analysis.  Reactions  of  the  principal  mineral 
acids  and  bases.  Course  pursued  in  the  application  of  these  reactions  to 
the  analysis  of  a  mixture  of  several  acids  and  bases. 

Examination  for  Honours. 

In  addition  to  the  above,  candidates  are  expected  to  possess  a  know- 
ledge of  the  following  subiects : — 

Theory  of  normal,  acid,  and  basic  salts.  Constitutional  formulae  of 
the  various  acids  of  phosphorus.    Monatomic  and  polyatomic  molecules. 

The  phenomena  of  combustion. — ^Thermal  umts.  Absolute  thermal 
efiPect,  or  total  amount  of  heat  evolved  by  various  kinds  of  fuel  and 
other  combustibles.  Pyrometric  thermal  effect,  or  intensity  of  heat 
evolved  by  combustibles.  Translation  of  absolute  thermal  effect  into 
its  mechanical  equivalent.  Theory  of  flame.  Source  of  light  in 
luminous  flames.  Spectrum  analysis,  its  principles  and  applications. 
Relations  of  specific  heat  to  atomic  weight. 

The  law  of  the  diffusion  of  gases.  The  laws  of  electrolysis.  The  pro- 
cesses used  in  the  quantitative  analysis  of  the  more  commonly  occurring 
minerals. 

For  preparation  for  examination  in  the  above  syllabus,  the  following 
works  are  recommended  as  text  books 

Lecture  Notes  for  Chemical  Students,  by  E.  Frankland,  8vo.,  12s. 

(London,  Van  Voorst,  1866.) 
First  Principles  of  Modern  Chemistry,  by  U.  J.  Kay  Shuttleworth, 
8vo.,  4*.  6rf.  (London,  Churchill,  1868.) 

Introduction  to  Modem  Chemistry,  by  A.  W.  Hofmann,  8vo.,  4*.  6d, 

(London,  Walton,  1865.) 
First  Step  in  Chemistry,  by  R.  Galloway,  12mo.  5s, 

(London,  Churchill,  3rd  ed.,  1860.) 
Lessons  in  Elementary  Chemistry,  by  H.  E.  Roscoe,  18mo.,  4s.  6d. 

(London,  MacmilUan,  new  ed.,  1867.) 

For  the  advanced  course  the  following  may  be  used  in  addition  to  the 
above : — 

Chemistry,  Inorganic  and  Organic,  by  C.  L.  Bloxam,  8vo.  I6s, 

(London,  Churchill,  1867.) 
Manual  of  Elementary  Chemistry,  by  G.  Fownes,  12mo.,  12^. 

(London,  Churchill,  9th  ed.,  1863.) 
Elements  of  Inorganic  Chemistry,  by  W.  A.  Miller,  8vo.,  2U. 

(London,  Longman,  3rd  ed.,  1864.) 
Chemistry  for  Students,  by  A.  W.  Williamson,  12mo.,  7*.  6rf. 

(London,  Macmillan,  1865.) 
Qualitative  Analysis,  by  R.  Galloway,  8vo.,  6s.  6rf. 

(London,  Churchill,  4th  ed.,  1864.) 

Besides  these  works  the  following  are  recommended  for  reading  for 
honours : — 

Second  Step  in  Chemistry,  by  R.  Galloway,  12too.  10s. 

(London,  Churohill,  1863.) 
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Ciemicid  Physics,  by  W.  A.  Miller,  870.  15s. 

(London,  Longman,  4tli  ed.,  1867.) 
Dietumary  of  Chemistry »  and  the  Allied  Bratiches,  by  H.  Watts,  in  four 
V<dB^  8vo.,  l8t  Vol.,  31$.  6d.,  2nd  Vol.,  26s.,  3rd  Vol.,  31*.  6rf., 
4th  VoL,  24s.  (London,  Longman,  1863-66.) 

Elementary  Treatise  on  Heat,  by  Balfour  Stewart,  12mo.,  7s.  6d, 

(London,  MacmiUan,  1866.) 
Heat  considered  as  a  Mode  of  Motion,  by  J.  Tyndall,  8vo.,  125.  6d. 

(Lonaon,  Longman,  2nd  ed.,  1866.) 


Wbject  MJm — Orgaalo  COMmiatry. 

First  Stags  or  £lembntary  Course. 

Papils  presenting  themselves  for  exunination  will  be  expected  to 
possess  a  knowledge  of  the  following  subjects : — 

Definition  of  organic  bodies;  their  ultimate  analysis.  Calculation 
of  empirical  formulae.  Compound  organic  radicals,  dotation  of  organic 
(xxmpoonds.   Granhic  and  symbolic  formulas. 

Organic  Radicals. — Basylous  or  positive  radicals.  Preparation  and 
prooerties  of  the  monad  radicals  of  the  methyl  series.  Monad  radicals 
of  tiie  vinrl  and  phenyl  series. 

Dyad  Dasylous  radicals  of  the  ethylene  series.  Preparation  and 
properties  of  ethylene. 

Chlorous  or  negative  radicals.  Cyanogen.  Ozatyl.  Oxalic  acid, 
its  |sc»aration  and  properties. 

Hyarides  of  the  Urganic  Radicals. — Methylic  hydride  or  marsh  gas. 
Paraffin.  Benzol.  Cyanic  hydride  or  hydrocyanic  acid.  Oxatylic 
hydride  or  formic  acid. 

ne  Alcohols. — Definition  of  an  alcohol.  Methylic  alcohoL  Ethylic 
or  common  alcohol.    Phenylic  slcohol  or  carbolic  add. 

The  Ethers. —  Definition.  Preparation  and  properties  of  ethylic 
ether. 

The  Haloid  Ethers. — ^Their  constitution.  Preparation  and  properties 
of  ethylic  chloride  and  iodide. 

The  Aldehydes. — ^Their  nature  and  properties.  Aoetio  aldehyde. 
Benzoic  aldehyde  or  oil  of  bitter  almonds. 

The  Acids. — Definition  of  an  organic  acid.  Acetic  acid.  Lactic  acid, 
Benzoic  add. 

Ethereal  Salts. — ^Definition  and  constitution  of  the  ethereal  salts  of 
the  monobasic  acids.  Preparation  and  properties  of  acetic  ether  and 
butyric  ether. 

Second  Stags  or  Advanced  Course. 

In  addition  to  the  above  subjects,  students  presenting  themsdves  for 
tills  examination  will  be  assumed  to  be  acquainted  with  the  following : — 

Determination  of  the  rational  formulae  of  organic  adds  and  bases. 
Graphic  and  symbolic  types  of  organic  compounds.  Reduction  and 
devdopment  of  the  formulae  of  organic  bodies.  Classification  of 
ofganic  conM)ounds. 

Organic  Radicals. — Dyad  basylous  radicals  of  the  acetylene  series. 
Single  and  double  cyanides.  Manufacture  of  prussian  blue  and  of 
oxauc  add« 

Hydrides  of  the  Organic  Radicals. — Ethylic  and  amylic  hydrides. 
Hydrides  of  the  radicals  of  the  phenyl  series.    Manufacture  of  coal-gas. 

The  Alcohols. — Classification,  preparation  and  properties  of  alcohols. 
1.  Monadd  alcohols;  methyl  series,  vinyl  series,  alljl  series,  phenyl 
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series.  2.  Diacid  alcohols  or  glycols ;  ethjiic  glycol  and  its  derivatives. 
3.  Triacid  alcohols ;  fflyoerin,  its  preparation  and  properties. 

TTte  Ethers, — 1.  Ethers  of  the  monacid  alcohols; — ^methylic  ether, 
allelic  ether,  phenylic  ether.  2.  Ethers  of  the  diacid  alcohols etiiylenie 
oxide.   3.  Ethers  of  the  triacid  alcohols; — ^fflycylic  ether. 

The  Haloid  Ethers. — Haloid  ethers  of  the  monad,  dyad,  and  triad 
positive  radicals.  Methylic  chloride.  Manufacture  of  chloroform. 
Ethylenic  bromide. 

The  J 2ieAyc?e«.— Formation  and  re-actions  of  the  aldehydes  of  the 
methyl,  vinyl,  and  phenyl  series  of  alcohols. 

7%«  Acids, — Law  of  basicity  of  organic  acids. 

Monobasic  adds  :~AcetK3  or  fatty  series.  Aor^io  or  oleic  series. 
Lactic  series.  Pyruvic  series.  Glyozylic  series.  Benzoic  or  aromatic 
series. 

Dibasic  acids : — Succinic  series.  Fumarie  or  aciyloid  series.  Malic 
or  lactoid  series.   Tartaric  or  glyoxyloid  series. 

The  Anhydrides. — Definition  and  constitution  of  the  anhydrides. 
Formation  and  re-actions  of  the  anhydrides  of  monohydric  monobasic 
adds,  dihydric  monobasic  acids,  and  of  dihydric  dibasic  adds. 

The  Ketones. — Derivation  and  constitution  of  the  ketones.  Prepara- 
tion and  properties  of  acetone. 

Ethereal  Salts, — ^Ethereal  salts  of  dibasic  and  tribasic  acids,  and  of 
monadd,  diadd,  and  triadd  alcohols. 

Organic  Compounds  containing  Nitrogen,  Phosphorus,  Arsenic  and 
Antimony. — ^The  more  important  natural  and  artincial  alkaloids.  Ex- 
traction of  quinine  from  cinchona  bark. 

OrganometaUic  Bodies, — Definition.  Their  beha^our  and  formation. 
Preparation  and  properties  of  zincic  ethide,  mercuric  ethide  and  stannic 
ethide. 

Examination  for  Honours. 

In  addition  to  the  above,  the  candidate  should  be  well  acquainted 
with  the  following  subjects : — 

Determination  of  the  specific  gravity  of  gases  and  vapours.  The 
methods  employed  in  the  analysis  of  gaseous  organic  bodies.  Synthesis 
of  organic  compounds.  Determination  of  the  constitutional  formulae  of 
organic  bodies.  Isomerism,  metamerism  and  polymerism  in  organic 
bodies. 

Organic  Radicals. — ^Normal,  secondaiy,  and  tertiary  monad  radicals. 
Isomerism  of  ethylene  and  ethylidene  compounds.  Relations  between 
methyl,  oxatyl  and  cyanogen. 

Hydrides  of  the  Oraanie  Radicals. — Relations  of  the  basylous  monad 
radicals  to  their  hydrides. 

The  Alcohols, — Relations  of  the  normal  monacid  alcohols  to  the 
monad  radicals,  the  dyad  C.Ha.  radicals,  and  to  the  hydrides 

of  the  C.  Ht.4-1  radicals. 

SecondaiT  monacid  alcohols.  Isopropylic,  pseudamylic  and  pseudo- 
heinrlic  alcohols. 

Tertiarv  monacid  alcohols.    Pseudobutvlic  alcohol. 

Normal  and  secondary  alcohols  of  the  phenvl  series. 

Relations  of  glyoenn  to  isopropylic  and  allyUo  alcohol ;  also  to 
glyceric,  tartronic,  and  acrylic  add. 

Other  polyadd  alcohols : — ^Erythrite,  mannite,  glucose. 

The  Acids, — Difference  between  hydridty  and  iNLsidty  of  adds. 

Normal,  secondary,  and  tertiary  ntty  adds.  Relations  of  the  fatty 
adds  to  the  C.H2.^i  series  of  raaicals,  and  to  the  C.Hte4>iHo  series  A 
alcohols.  Relations  of  the  fatty  adds  to  each  other;  ascent  of  the 
series. 
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Normal,  seoondaiv,  and  olefine  adds  of  the  acrylic  or  oleic  series. 
Rdalions  of  the  acrylic  to  the  acetic  series  of  acids. 

Definition  and  dassification  of  the  adds  belonging  to  the  lactic  series 
Relations  of  the  lactic  to  the  fiatty  and  acrylic  series  of  adds.  Isomerism 
in  the  lactic  series. 

Relations  of  the  pymvic  series  of  adds  to  the  oxalic  and  lactic  series. 

Relations  of  the  glyozylic  series  of  adds  to  the  glycerin  series  of 
alcohols. 

Constitution  and  classification  of  the  dibasic  adds.  Relations  of  the 
snodnic  series  of  adds  to  the  lactic  and  acetic  series,  and  to  tiie  glycols. 

Isomerism  in  the  fnmaric  series  of  dibasic  adds. 

Tartaric  or  glyoxyldd  series  of  dibasic  adds.  Varieties  of  tartaric 
add. 

Constitntion  and  classification  of  the  tribasic  acids. 

JHe  Ketones. — Isconerism  in  the  ketone  family. 

Oin^oiite  Comptmmds  containing  Nitrogen,  Phosohorus,  Arsenic,  and 
Amiimowg. — ^The  amines,  phospfames,  arsines,  ana  stibines.  Primary, 
aeoondaiy,  and  tertiary  organic  bases.  Monamines,  diamines,  triamlnes, 
and  tetnunines. 

OrgmumetalUc  Bodies. — ^Their  constitution  and  its  bearing  upon  the 
doctrines  of  atomidty. 

In  addition  to  such  of  the  works  as  treat  on  Organic  Chemistry 
recommended  in  the  Syllabus  of  Subject  X.,  the  student's  attention  is 
&»wn  to  the  following : — 

Elements  of  Organic  Chemistry,  by  W.  A.  Miller,  870.,  24s. 

(London,  Longman,  drd  ed.,  1866.) 

Salidoct  ZXI. — doolofj, 

I.  First  Stage  ob  Eleicentabt  Coubse. 

A. — Preliminary  Subjects. 

a.  Basts  of  Geology. — Definition  of  the  objects  of  geology.  Waste  of 
land  now  going  on  by  mechanical  causes, — ^rain,  running  water,  frost, 
snow,  gladm,  and  by  the  sea.  Origin  of  rounded  pebbles,  ^^rains  of 
sand,  and  mud.  Sediments  carried  in  mechanical  suspension  m  rivers. 
Deposition  of  strata  now  forming  in  the  sea  and  in  lakes  from  sediments 
formed  mechanically.  Other  strata  formed  in  jpart  or  entirely  of  organic 
remains,  and  how  tney  are  preserved.  Ptoof  mat  stratified  rocks  gene- 
rally were  formed  by  deposition  from  water,  as  above,  and  that  strata 
have  been  successively  deposited  and  are  of  ages  less  or  more  apart. 
Definition  of  the  term  igneous  as,  applied  to  rocks. 

b.  Common  Geological  terms. — Definition  of  "  crust  of  the  earth,"  clay, 
sand,  ^vd,  shale,  sandstone,  conglomerate,  breccia,  limestone,  lava, 
Tolcanic  ashes,  stratum  or  bed,  a  formation,  group  of  formations.  Re- 
cent, Cainozoic  (tertiary), Mesozoic  (secondary),  and  Palaeozoic  formations. 
Horizontal,  inclined,  vertical  strata.  AnticHnal  and  synclinal  curves. 
Contorted  strata,  dip,  strike,  outcrop,  a  basin.  Conformable  and  un- 
conformable stratification,  joint,  slaty  cleavage,  fault,  lode,  yein.  Names 
of  some  of  the  metamorphic  rocks. 

c.  Composition  of  princ^al  rocks  and  their  common  minerals. — 
Minenla  that  form  granites  and  granitic  rocks;  Syenites,  Diorites 
(greaoBtones),  Basalts,  Dolerite,  gndssic  rocks,  limestones.  Coal,  what 
originally  formed  from.   Colouring  matter  of  rocks. 
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d.  Disintegration  and  Solutions,  —  Disinte^tioiiy  and  solattons  of 
minerals  composing  rocks  by  means  of  acids;  mineral  springs,  and 
substances  in  chemical  solution  in  rivers,  Isdces,  and  the  sea.  How 
produced. 

e.  Snow  and  Ice. — How  glaciers  are  formed  from  snow.  Movement  of 
glaciers  and  transport  of  matter  on  their  surfaces.  Moraines.  Erosion 
of  rocks,  over  which  glaciers  flow.  Icebergs,  whence  derived.  Trans- 
port of  matter  from  cold  to  warmei:  latitudes  by  icebergs. 

/.  Rivers, — Cutting  out  of  terraces  and  valleys  by  rivers.  Transpoirt 
of  material  seaward,  and  gradual  growth  of  Deltas. 

g.  Marine  Denudation,  Transport  and  Consolidation  of  Material  and 
FossiHzation, — ^Waste  of  sea  coasts  by  breakers  and  by  help  of  landdifM. 
Rounding  of  pebbles  and  grains  of  sand  on  shores  and  in  streams. 
The  effect  of  long  continueamarine  denudation  on  the  land ;  formation 
of  bays  and  head-lands,  &c.  Distribution  of  sediments  derived  from  land 
over  sea  bottoms,  forming  modem  marine  strata.  Consolidation  of  strata 
by  pressure,  chemical  changes  and  heat.  Preservation  of  shells,  &c.,  in 
seas,  lakes,  and  delta  deposits,  in  alluvium,  and  in  and  under  peat,  blown 
sand,  and  volcanic  ashes. 

A.  Central  Heat,  Volcanos,  Earthquakes,  and  Other  Movements  of  the 
Earth's  Crust, — The  connexion  of  the  corals  reefs  of  the  Pacific  Ocean 
with  the  gradual  sinking  of  the  sea  bottom.  Fringing  reefs,  barrier 
reefs,  atolls.  Volcanos  and  their  connexion  with  some  areas  of  up- 
beat of  land  above  the  sea.  Raised  beaches  and  sea  bottoms.  The 
structure  of  volcanos.  The  wave-like  motion  of  earthquakes.  General 
structure  of  mountain  chains.  The  existence  of  so-called  central  heat  in 
the  earth.  Change  of  common  strata,  such  as  shale  and  slate,  sand- 
stone, limestone,  &c.,  into  mica- schist,  gneiss,  quartz  rock,  crystalline 
limestone,  &c.  (metamorphism). 

fi. — Classification  of  Animal  and  Vegetable  Life. 

i,  A  rudimentary  acquaintance  with  the  meaning  of  the  names  of 
those  classes  of  animals  and  plants  that  are  or  may  be  found  fossil, 
such  as  Mammalia,  Aves  (birds),  Reptilia,  Pisces  (fish),  Insecta,  Myria- 
poda  (centipeds,  &c.),  Arachnida  (spiders,  &c.),  Crustacea  (crabs,  &c.), 
Annelida  (worms,  &c.),  Echinodermata  (sea-urchins,  starfish,  &c.), 
Cephalopoda  (cuttle-fishes,  &c.),  Pteropoda,  Pulmonata  (land  snails, 
&c.).  Gasteropoda  (periwinkles,  limpets,  &c.),  Conchifera  (oysters, 
oockles,  &c.),  Brachiopoda  (terebratula,  &c.),  corals,  sponges.  The 
Vegetable  Kingdom :  the  names  of  the  classes  and  orders  of  plants. 

Succession  of  Strata,  Igneous  Rocks,  &c. 
C. — Paleozoic  Series. 

k.  Oldest  known  stata  or  the  Laurentian  rocks.  Their  metamorphic 
character.   Oldest  known  fossil.    Huronian  rocks  of  Canada. 

I.  Cambrian  and  Silurian  strata. — Cambrian  rocks,  and  their  traces 
of  fossils.  lingula  flags  and  Tremadoo  dates.  Uandeilo  and  Bala 
beds,  and  the  lavas  and  volcanic  ashes  associated  with  them.  Llan- 
dovery or  Pentamerus  beds.  Upper  Silurian  scries.  Leading  kinds 
of  fossils  common  in  these  formations,  such  as  the  genera  of  Graptolites, 
Corals,  Brachiopoda,  ConchifBra,  Cephalopoda  ^chambered  shells), 
Echinodermata,  Crustacea  (especially  the  Trilobites),  and  first  appear- 
ance of  fish  remains  and  land  plants. 
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m.  Old  Red  Sandstone  and  DevoMon  strata.-^The  afeas  in  Brituiii 
that  fbnned  land  before  the  deposition  of  the  Old  Bed  Sanditone. 
Unconformities  of  Old  Red  Sandstone  on  older  rocks.  Division  into 
lower  and  upper  Old  Bed  Sandstone  and  unoonformitj.  The  nature 
of  the  rocks.  The  fish  found  in  the  lower»  and  the  fish»  fresh- 
wata  shells  and  plants  in  the  upper  Old  Red  Sandstone.  Devonian 
Mtrata, — Commonly  divided  into  lower,  middle,  and  upper.  Their  marine 
fauna,  corals,  sheUs  bivalve  and  unividve,  Goniatites  and  other  cephalo- 
poda, Trilobites,  &c.  Difference  between  the  Silurian  and  Devonian 
genera  and  species. 

a.  Carboniferous  strata, — The  ordinaiy  succession  of  these  strata  in 
W^es  and  the  South  of  England  (See  also  parts  of  16  in  Advanced  Stage). 
The  kinds  of  corals,  shells,  and  fish  found  in  the  Carboniferous  Limestone^ 
and  GKther  beds.  The  kind  of  sections  found  in  tiie  Coal-measures.  The 
Underday  generallv  below  beds  of  coal.  How  coal  was  formed  from 
fossilized  plants.  How  there  came  to  be  many  beds  of  coal  in  one  coal- 
fidd  with  beds  of  shale,  ironstone,  and  sandstone  between. 

0.  Permian  formations, — Their  succession  in  England  and  Germany, 
and  the  prooh  of  their  unconformity  on  the  Carboniferous  strata.  The 
structure  of  the  Rothliegende  or  Brecdated  Conglomerates,  the  Marl- 
slate  or  Kupferschiefer,  the  Magnesian  Hmestone  (Zechstein).  Thear 
fossils. 

D. — ^Mbbozoic  or  Sbcondary  Skribs. 

Lower  Mesozoic. 

p.  New  Red  Sandstone  or  TYias. — British  divisions:  1st.  New  Red 
Sandstone  (Bunter);  2nd.  New  Red  Marie  (Keuper).  Continental 
divisions.  New  Red  Sandstone,  Muschelkalk,  New  Red  Marie.  Uncon- 
formity on  Permian  and  older  rocks.  Great  changes  of  life  in  passing 
firom  Palspozoic  to  Mesozoic  times.  Change  in  the  relative  ninnbers  of 
Brachiopoda  and  Conchifera  when  compaied  iRdth  Palasozoic  rocks,  and 
continuaticm  of  this  down  to  present  day.  New  Cephalopoda,  encrinites, 
fish,  and  reptiles.  First  known  mammal.  Plants  of  the  Keuper  sand- 
stone, Crustacea,  reptiles,  &c.  Origin  of  rook-salt  bv  evaporation. 
Gypsum  of  red  marie.  Parts  of  what  is  now  the  British  Islands  that 
fbnned  land  before  the  deposition  of  the  Trias. 

q.  Rhmtie  or  Penarth  beds.-^See  19,  p.  80.) 

r.  Idas  formations  and  Oolites,— {Junssic  of  the  continent).  Division 
into  Lower,  Middle,  and  Upper  Lias,  and  Lower,  MidcDe,  and  Upper 
Oolites.  The  names  of  the  formations  included  in  eadi  of  these. 
Characters  of  the  rocks.  Great  development  of  life  of  these  periods. 
Leading  marine  fossils  of  the  Lias  and  land  plants  and  insects.  Common 
genera  of  Brachiopoda  and  Conchifera,  Gasteropoda,  Cephalopoda, 
Echinodennata,  Fish,  and  Reptiles.  Leading  fossils  of  the  Oolites  as 
above,  and  also  Mammalia.  Proofs  of  land  in  the  neighbourhood  of  the 
British  Liassic,  and  Oolitic  seas. 

«.  Purbeckand  Wealden  strata, — ^Their  estuarine  character,  and  proofe 
of  this  from  the  fossils.  Generic  names  of  leading  fosaUs.  Proofs 
of  the  existence  of  a  neighbouring  large  continent. 

Upper  Mesozoic. 

t.  Cretaceous  series. — British  divisions.  Lower  and  Upper  and  their 
Bubdivisions.  The  nature  of  the  strata  and  general  grouping  of  fossils  (as 
in  r  above).  Differences  when  compared  with  Oolitic  genera  and  species. 
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Uppermost  Cretaceous  beds  absent  in  Britun,  viz.  the  Maestricht  and 
Faxoe  beds  and  the  beds  of  Aix-la-Chapelle.   Account  of  these. 

£.    Cainozoic  or  Tertiary  Sbribs. 

tf.  Eocene  or  Lower  Tertiary. — Meaning  of  the  terms  Eocene,  Miocene, 
and  Pliocene.  Areas  occupied  by  the  English  and  French  Eocene 
strata,  and  divisions  of  the  English  Eocene  strata.  Their  fossils, 
freshwater,  estuarine,  and  marine.  Proofis  of  neighbouring  land  in 
freshwater  shells,  plants,  and  terrestrial  mammalia. 

V.  Miocene  or  Middle  Tertiary,  of  Bovey-Tracey,  Mull,  &c.  French 
marine  strata  and  freshwater  and  volcanic  formations.  The  kinds  of 
fossils  they  contain.  The  Swiss,  Italian,  and  other  continental  beds. 
The  floras  of  the  period,  insects,  mammalia,  reptiles,  shells,  &c.  The 
Arctic  Miocene  beds,  and  flora.   Indian  Miocene  strata  and  their  fossils. 

w,  Post-'Pliocene  strata.  Crag,  ^c. — Divisions  of  the  British  Crag, 
characters,  and  fossils,  marine  and  terrestrial.  Economic  products. 
Crag  of  Belgium.  Proportions  of  recent  snecies  in  the  different 
members  of  the  Crag.   Sub-Appenine  strata  ana  those  of  Sicily. 

X.  Glacial  period  and  other  strata  later  than  the  Crag. — The  Forest 
beds  beneath  the  boulder  clav,  and  the  union  of  Britain  with  the  conti- 
nent,  and  its  Flora,  terrestrial  Fauna,  and  shells.  (See  also  26,  p.  82.)  The 
glaciers  of  the  glacial  period,  before,  during,  and  after  the  deposition  of 
the  marine  boiUder  clays.  The  origin  and  nature  of  the  boulder  day. 
Other  proofii  of  a  cold  climate,  and  the  marine  and  terrestrial  Fauna 
of  the  period. 

IL — Second  Stags  or  Advanced  Course. 
A. — Preliminary  Subjects  or  Principles. 

1.  All  contained  in  a  of  the  elementary  stage. 

2.  All  contained  in  b, 

3.  All  contained  in  c,  and  the  chemical  constituents  of  silica,  various 
felspars,  micas,  augite,  diallage,  hornblende,  garnet,  obsidian,  pitchstone, 
pumice.  Limestone,  Magnesian  limestones  or  Dolomite.  Coals,  such  as 
common  house  and  furnace  coals,  cannel  coals,  and  anthradtea.  Iron 
ores.  The  colouring  matter  of  rocks.  The  general  relative  proportions 
in  the  known  crust  of  the  earth  of  mineral  substances,  such  as  silica, 
alumina,  lime,  magnesia,  iron,  &c.,  &c^ 

4.  Chemical  disintegration. — Chemical  disintegration  of  rocks  on  a 
large  scale ;  formation  of  kaolin,  fireclays  and  other  clays  and  shales. 
Origin  of  mineral  springs,  and  substances  in  solution  in  nvers,  seas,  and 
other  waters.  Skeletons  of  shell  fish  and  other  marine  and  fresh  water 
animals,  whence  derived,  and  how  strata  are  formed  of  these. 

5.  Effects  of  snow  and  ice.  —  What  is  a  glacier,  and  how  formed. 
Change  of  snow  into  solid  ice.  Stratification  and  veined  structure  of 
ice.  Inclinations  of  beds  and  surfaces  of  glaciers.  Why  glaciers  flow. 
Rates  of  progress.  Orevasses.  Moraines,  lateral,  medial,  terminal, 
and  how  they  are  formed.  Erosion  of  rocks  under  glaciers  and  its  results. 
Flow  of  water  from  lower  ends  of  glaciers.  Destruction  of  terminal 
moraines,  and  circumstances  that  induce  their  occasional  preservation. 
Oscillation  of  size  of  glaciers.  Deepening  of  valleys.  Signs  left  by 
glaciers  that  have  disappeared.  Icebergs  of  Arctic  and  Antarctic  regions 
and  of  South  America;  how  formed.  Ocean  cuirents.  Transport  of 
matter  by  iceberp:s,  and  its  distribution  over  existing  sea  bottoms. 
Transport  of  detntus  by  coast  ice  and  river  ice. 
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6.  lAmdsUpt. — Landalips  in  mountainous  and  hilly  regions,  and  land- 
slips on  sea  coasts.  Their  effect  in  bringing  matter  witmn  the  influence 
of  mnning  water  and  of  the  sea. 

7.  Htpm.  —  Erosive  and  transporting  power  of  brooks  and  rivers. 
Their  influence  in  forming  gorges  and  valleys.  Origin  of  waterfalls. 
Amount  of  matter  carried  seaward  by  great  rivers  such  as  the  Nile,  the 
Ganges,  the  Mississippi,  &c.  The  mode  of  formation  and  gradual 
grcnrth  of  deltas  and  theur  possible  age.  Filling  up  of  lakes  by  sedi- 
ments. Genend  e£Fbcts  on  the  foim  of  the  ^und  and  lowering  of  level 
of  continental  and  smaller  areas  by  combmed  effects  of  chemical  dis- 
integratioD,  rain,  rivers,  frost,  snow,  and  glacier  ice. 

8.  Jfarwe  de»udatUm. — Waste  of  sea  coasts  by  breakers  and  land- 
slips. Formation  of  pebbles  and  sand  on  sea  coasts.  Amount  and 
nature  of  waste  of  boulder  clays  of  eastern  coasts  of  England,  &c. ; 
cf  Tertiary  strata,  and  of  Cretaceous  and  Oolitic  strata  on  east  and 
sooth  coasts.  Waste  of  harder  rocks  of  west  of  England,  Wales, 
and  Scotland.  Power  of  breakers  in  moving  sand  and  shnigle,  and 
large  blocks  of  stone.  Effiect  of  prevalent  winds  on  waste  and  trans- 
port of  material  along  shores.  Silting  up  of  estuaries.  Effect  of  groins 
and  other  artificial  obstructions  on  coasts.  Warping  of  alluvial  tidal 
flats.  Forms  of  sea  cliffs  and  origin  of  many  bays  and  headlands.  Origin 
of  icreat  plains  of  marine  denudation  by  combined  action  of  breidcers, 
landslips,  and  general  lowering  by  waste  of  the  interior  of  countries. 
Sobsequent  upheaval  of  such  plains  and  renewed  scooping  out  of  valleys. 
Origin  of  certain  taUelanda  and  their  valleys. 

9.  Distribution  of  Material  in  Sea,  ijfC.  forming  Modem  Strata. — 
Transport  of  matter  by  great  marine  currents,  passing  mouths  of  rivers 
and  along  coasts.  Transporting  powers  of  tidal  currents.  Sifting  action 
of  the  sea  in  arranging  sediments  along  its  bottom.  Icebergs  (see  5). 
Modem  formation  by  above  causes  of  beds  of  clay,  sand,  gravel,  and 
boulder  beds,  and  mixtures  of  these.  Volcanic  ashes  falUng  in  sea  and 
IsJces.  General  formation  of  lacustrine  strata.  Formation  of  beds  of 
limestone  by  oiganic  bodies  in  seas,  lakes,  and  lagoons.  Coral  reefii 
(see  10).  Salts  carried  in  solution  in  rivers  into  lakes,  evaporation  of 
surplus  water,  concentration  and  precipitation.   Origin  of  rock  salt,  &c. 

10.  FhsiiUtatum  and  Consolidation  of  Strata, — Shells  and  other  inarine 
oiganlc  remains  buried  in  sediments.  Also  terrestrial  plants.  Worm 
bforrows.  Tenrestrial  animals.  Organic  remains  in  lakes  and  river 
deltas,  in  alluvial  beds  and  brickearths;  in  and  under  peat,  under 
blown  sand,  and  in  volcanic  ashes  and  under  lavas.  Formation  of 
sediments  by  foraminifene,  &c.  in  deep  seas.  Consolidation  of  strata 
1^  pressure,  infiltrations,  and  precipitations,  chemical  decomposition 
and  reoompoeition  and  heat. 

11.  Central  Heat,  Volcanos,  Earthquakes,  and  other  Movements  of  the 
Earth's  Crust. — ^Theoiy  of  Coral  Reefs.  Fringing  reefis.  Barrier  reefs. 
Atolls,  and  proofs  of  gradual  subsidence  of  the  sea  bottom.  Connexion 
of  coral  reefs  with  the  volcanic  islands  of  the  Pacific  Ocean  and  areas  of 
partial  upheaval.  Upheaval  of  the  west  coast  of  South  America. 
Oscillations  of  level  on  the  coast  of  the  Baltic,  Greenland,  &c.  Raised 
beaches  and  sea  bottoms. 

Theories  of  central  heat  how  inferred.  Radiation  of  heat  from  the 
eartli,  consolidation  and  theoij  of  the  formation  and  shrinkage  of  its 
crust.  External  phenomena  of  volcanos,  and  theories  of  volcanic  action. 
Earthquakes.  Mallet's  theory,  and  oscillations  of  level  accompanying 
OBiifaquakes. 

Metamorphism  of  rocks.  Theory  of  slaty  cleavage,  passage  of  shales. 
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cUyalate,  sandstone,  limestone,  and  their  intennediate  gradations  into 
mica-schist,  chlorite^ohist,  various  kinds  of  gneissic  rocks,  quartz*rock, 
erystailine  limestones,  &c.  Special  development  of  distinct  minerals  in 
rocky  masses.  Relation  of  the  above  to  fipradual  subsidence  of  rock 
masses  and  accumulation  of  strata  above  them.  Origin  of  mountain 
chains.  Disturbance  and  contortion  of  strata  in  successive  stages,  and 
probable  causes  of  these  phenomena. 

B. — Classification  op  Animal  and  Vbgetablb  Life. 

'  12.  All  contained  in  t  of  the  Elementary  stage,  p.  74,  together  with  a 
general  knowledge  of  the  orders  of  Mammalia,  Birds,  Reptiles,  Amphibia, 
Fish,  Insects,  &c.,  Crustacea,  Echinodermata,  Cephalopoda,  Pteropoda, 
Pnlmonata,  Gasteropoda,  Conchifera,  Bradiiopoda,  Polyzoa,  Corals,  &c., 
and  the  classes  and  orders  of  the  vegetable  kingdom. 

C. — Succession  of  Strata,  Igneous  Rocks,  &c. 
Paleozoic  Series. 

13.  Laurentian  rocks  of  Scotland,  and  Lower  and  U{)per  Laurentian 
rocks  of  Canada,  &c.  Huronian  rocks  of  Canada.  Their  metamorphic 
character  and  peculiarities  of  structure.  Eozoon  Canadense,  its  nature, 
structure,  and  mode  of  growth.  Ages  of  their  metamorphism,  and  the 
inferences  to  be  drawn  from  this. 

14.  Cambrian  and  Silurian  strata.  Cambrian  rocks  and  their  passage 
into  the  Lingula  flag  series.  Fossils  of  the  Cambrian  rocks ;  their  slaty 
cleavage  and  slate  quarries. 

Lower  Silurian. 

Lingula  flags,  their  lithological  character  and  fossils.  Tremadoc  slates, 
their  Uthological  character  and  fossils.  Unconformity  of  the  Llandeilo 
and  Bala  beds  on  these,  and  break  in  the  succession  of  life.  Llandeilo 
and  Bala  beds,  their  lithological  character  and  fossils.  The  igneous 
rocks^  lavasj  ashes,  &c.  associated  with  these. 

Upper  Silurian* 

Llflndmerxf  or  Pentamerus  beds,  their  fossils  and  unconformity  on  the 
Lower  Silurian  strata,  and  partial  change  of  species.  Remainder  of  the 
Upper  Silurian  strata  of  the  Wenlock  and  Ludlow  series,  their  charac- 
ters and  fossils.  First  appearance  of  fish.  Remains  of  plants.  Reason- 
ings on  the  connexion'  of  [unconformable  stratification  with  partial  or 
total  breaks  in  the  succession  of  species  and  genera  in  time.  (This  may 
be  applied  to  all  the  cases  of  unconformity  subsequently  noticed.) 

15.  Old  Red  Sandstone  and  Devonian  strata.  Passage  of  Upper 
Silurian  into  Lower  Old  Red  Sandstone  in  Wales  and  on  its  borders. 
Disappearance  of  the  life  of  the  Silurian  period.  The  land  that  existed 
in  Scandinavia  and  Britain  before  the  deposition  of  the  Old  Red  Sand- 
stone, and  round  aud  on  which  the  Old  Red  beds  were  deposited.  Fish 
of  the  lower  Old  Red  Sandstone  ;  their  distinctive  characters.  Upper  Old 
Red  Sandstone. — Lithological  characters,  fish,  shells,  and  plants.  Uncon- 
formity of  the  upper  on  the  lower  Old  Red  Sandstone,  and  approximate 
or  actual  passage  of  the  former  into  the  Lower  Carboniferous  strata. 
Condition  of  the  waters  in  which  the  Old  Red  Sandstone  formations 
were  probably  deposited.  If  partly  glacial,  and  the  signs  of  this? 
Devonian  strata. — The  division  of  these  strata  commonly  made  into 
Lower,  Middle,  and  Upper  Devonian,  The  marked  difference  of  con- 
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ditiaOB  of  dejMNBt  shown  in  the  general  nature  of  their  fossils,  viz.,  the 
fish  of  tiie  Old  Red  Sandstone^  and  the  Corals,  marine  bivalve  and 
univalve  shells.  Cephalopoda  and  Trilobites  of  the  Devonian  strata. 
The  stratigraphioal  relation  of  the  Devonian  strata  to  the  Silurian 
rocks  of  Devon  and  Cornwall,  of  Germanv,  and  North  America. 
The  relation  of  the  so-called  Upper  Devonian  beds  to  the  Carboniferous 
steta*  The  appearance  of  new  genera  and  species  in  tl\c  Devonian 
neks.   The  plants  of  the  North  American  beds. 

16.  Cttrhofdferom  strata.  —  Succession  of  Carboniferous  strata  in' 
Wales,  and  its  borders,  and  the  south  of  England,  viz.,  Lower 
limestone  shale.  Carboniferous  limestone,  Upper  limestone  shale. 
Millstone  grit,  and  Coal-measures.  The  lithological  characters  of  thes^ 
and. their  fossils,  marine,  freshwater,  and  terrestrial.  The  manner  in 
wfaidi  ^e  beds  below  the  Coal-measures  were  accumulated.  The  manner 
of  the  formation  of  the  Coal-measures,  the  peculiar  strata  beneath 
each  (or  most)  beds  of  coal,  the  nature  of  the  plants  that  formed  the 
ooal,  their  mode  of  growth,  and  the  cause  of  the  succession  of 
beds  of  coal  in  thick  series  of  strata.  The  gradual  ])assage  of  the 
Carboniferous  strata  into  a  set  of  beds  differently  arranged  in  their 
stratification,  especially  in  their  lower  members,  proceeding  northwards 
through  Lancashire  and  Yorkshire  into  Northumberland,  and  Scotland. 
Hie  physieal  causes  that  produced  this  difference.  Also  the  absence  of 
certain  members  of  the  series  in  some  of  the  English,  and  in  part  of  the 
Scotch  coal  fields  and  the  physical  phenomena  that  caused  this  absence. 
The  Carboniferous  series,  as  developed  in  Lreland.  The  Carboniferous 
rocks  of  Hie  continents  of  Europe  and  North  America.  Their  resem- 
blanoea  to  those  of  the  British  istands ;  climate,  its  average  uniformity  in 
fpaoe  and  time  during  this  epoch.  The  sur&oe  areas  occupied  by  the 
European  Carboniferous  strata  now.  The  areas  where  thev  may  be 
oonceided  under  newer  formations.  The  areas  where  originally  formed, 
yiz.,  which  th^  spread  over  before  reduced  to  their  present  limits  by 
denudation.  The  disturbances  of  the  Carboniferous  rocks,  and  the 
reasons  why  coal  fields  (like  parts  of  many  other  formations)  so  often  lie 
in  basins.  Various  kinds  of  coal,  such  as  the  varieties  of  coal  commonly 
called  bituminous,  cannel  coal,  and  anthracite.  The  chemical  changes 
that  vegetation  underwent  in  its  passage  into  coal,  first  on  the  surface, 
and  afterwards  under  pressure.  The  passage  of  "  bituminous "  into 
antiiracite  coal  and  the  probable  reason,  and  the  connexion  of  this 
subject  with  hiffhlv  disturbed  areas.  Specialities.  Development  of 
Crustacea  of  the  Carboniferous  rocks  as  distinguished  from  those  of  the 
Devonian  and  Silurian  periods.  Prevalence  of  certain  genera  of 
braduopoda  and  conchifera,  and  relative  proportions  of  these  in  the 
Carboniferous  rocks  when  compared  with  older  formations.  Fish  and 
reptiles  of  the  Carboniferous  rocks.  Footprints,  rain  drops,  land  shells, 
and  insects,  and  what  they  indicate.  Ironstones.  Mineral  veins  in 
Carboniferous  Hmestone  series. 

17.  Permicm  formations. — Succession  of  these  in  Britain,  Germany, 
and  Russia.  1st.  The  Rothliegende,  its  structure,  and  the  e^ddencea  of 
the  glacial  agencies  by  which  parte  of  it  were  deposited.  2nd.  The 
Kuperscheifer  of  Germany  and  Marie-slate  of  England,  with  mineral 
contents,  fish,  &c.  3rd.  The  Magnesian  limestone  (Zechstein),  its 
mineral  character  and  composition ;  ite  fossils ;  evidence  of  their 
palaeosoic  character,  partial  community  of  species,  and  numbers .  and 
size  when  compared  with  the  genera  and  species  of  the  Carboniferous 
limestone.  Cause  of  this.  Unconformity  on  the  Carboniferous  and 
older  rocks;  submersion  of  old  lands  during  ite  deposition;  bearing 
of  this  on  conglomeratic  and  brecdated  structure  of  the  RothUegende^ 
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and  the  general  development  of  the  lifle  of  the  period^  including  plants 
and  reptiles. 


18.  DwisUms  of  Trias,  or  New  Red  Sandstone  series  (seep,  p.  75). — 
Unconformity  and  great  break  in  succession  of  life  in  passing  horn  Per- 
mian to  New  Red  Sandstone.  Great  devebpment  of  oonchifera  and 
decrease  of  genera  of  brachiopoda.  The  relation  of  this  to  lapse  of  time, 
as  shown  by  unconformity,  and  continued  prevalence  in  later  times  of 
many  of  these  early  Mesozoic  types.  The  generally  unfossiliferoua 
character  of  the  New  Red  Sandstone  beds  (Bunter),  and  their  minor  divi« 
sions  in  England.  The  absence  in  England  of  the  Muschelkalk,  and  its 
presence  on  the  Continent.  Its  fossils  (see^,  p.  75).  The  minor  divisions 
of  the  New  Red  Marie  (Keuper).  Its  fossil  plants  and  reptile  bones  and 
footprints.  Microlestes.  Rtdn  drops.  The  rock  salt  of  this  formation, 
and  now  it  was  deposited.  Theory  of  inland  salt  lakes  or  seas  of  the 
the  pmsent  day,  and  the  bearing  of  this  and  of  the  above-named  marks 
of  rain  drops  and  footprints  on  the  point.  New  Red  Sandstone  of  the 
United  States,  and  numerous  footprmts  of  reptiles  and  impressions  of 
bird-like  feet.  Gvpsum.  Those  parts  of  the  British  islands  that  formed 
luid  before  and  during  the  New  Red  Sandstone  period. 

19.  Rhatic  or  Penarth  JBe<^«.— Intermediate  between  New  Red  Marie 
and  Lower  Lias.  Gradual  passage  of  nearly  unfossiliferous  red  marles 
into  these  more  fossiliferous  strata.  Character  and  names  of  some  of 
the  common  fbssils,  each  as  Avieula  coniorta,  Cardium  RhaHcum,  &c. 
Their  affinities  with  Liassic  forms  and  conformable  passage  into  that 
formation  in  Britain. 

20.  lAas formations  and  Oolites.  (Jurassic  of  the  Continent). — Names 
of  tiie  several  formations  of  the  Lias  and  Oolites  between  the  Lower 
Lias  and  the  Portland  Oolhe  in  serial  order,  and  their  grouping  into 
Lower,  Middle,  and  Upper  Lias  and  Oolite.  Litholog^cal  characters  of  the 
Liassic  formations.  Fossils  of  the  different  formations.  Plants  and  insects. 
Corals,  brachiopoda,  conchifera,  gasteropoda,  cephalopoda,  ediinoder- 
mata,  Crustacea,  fish,  and  reptiles.  The  distinctive  characters  of  some 
of  these,  their  relative  numbers  compared  with  the  same  classes  in  the 
Pialseozoic  rocks.  Nature  of  the  connexion  of  the  Lias  with  the 
Infbrior  Oolite.  Lithological  characters  of  the  Oolitic  formations  and 
their  uses.  Marine  fossils  of  the  different  formations  of  the  above-named 
classes ;  also  mammalia.  Evidences  of  the  existence  of  older  land  in 
the  neighbourhoud  of  the  Liassic  and  Oolitic  seas,  and  of  the  climate 
of  the  period  drawn  from  plants  and  animals.  Names  of  the  most 
characteristic  genera  of  Lias  and  Oolites,  especially  with  reference  to  their 
prevalence,  such  as  the  names  of  the  prevalent  genera  of  brachiopoda, 
conchifera,  gasteropoda,  and  cephalopoaa,  echinodermata,  Crustacea,  fish, 
and  reptiles.  Jurassic  strata  of  the  Continents  of  Europe  and  Asia. 
The  Jura  and  the  Alps,  and  the  fossils  of  Solenhofen.  Disturbance  and 
metamorphism  of  Jurassic  strata.  Names  of  some  of  the  species  charac- 
teristic of  some  of  the  formations,  and  extent  of  tiie  community  of 
species.   Contrast  the  life  of  these  epochs  with  similar  developments  in 


21.  Purbeck  and  Wealden  strata, — ^Thenr  general  fresh-water  nature 
and  marine  interstratifications.  Extent  of  these  formations  in  England 
and  on  the  Continent.  Their  characters  and  thickness.  Fossils  of  the 
Purbeck  strata.  Plants,  land-insects,  mammalia,  fish,  reptiles,  univalve 
and  bivalve  shells,  and  Crustacea.  Fossils  of  the  Wealden  formations  as 


D.— Mesozoic  or  Secondary  Series. 


Lower  Mesozoic. 
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above.  Evidences  of  the  upheaval  of  extensive  continental  land  of  the 
period,  and  tiie  manner  in  which  the  Purbeck  and  Wealden  beds  were 
deposited. 

XJPPBR  MbSOZOIC. 

22.  Cniaeetms  teries. — Description  of  the  British  divisions  and  sub- 
divisions. Their  lithological  cnaiacters  and  passage  of  Weald  clay 
into  Lower  Cretaceous  beds  in  the  Wealden  am  and  Isle  of  Wight. 
Fossils  of  the  formationa  noticed  in  the  same  waj  as  those  of  the  Oolitio 
strata.  The  Chalk,  by  what  organic  bodies  chiefly  formed.  Comparison 
with  simihr  deposits  forming  in  existing  oceans.  Nature  of  flints 
intentntified  with  chalk,  and  vein  and  tabuhur  flints.  Resemblances 
and  diflerences  of  the  genera  and  species  of  the  Oolitic  and  Cretaceous 
epochs,  and  the  bearings  these  have  on  lapse  of  time  between  the 
deposition  of  the  Portland  Oolite  and  the  commencement  of  the  Ather- 
fiud  day.  Continental  Cretaceous  geology  generally.  Hippurite  lime- 
stone^ Cretaceous  rocks  unknown  in  Britain.  Maestrioht 
beds  and  Chalk  of  Faxoe  in  Zeeland,  Denmark.  Upper  Cretaceous  beds 
and  flora  of  Aix-la-Chapelle.  Cretaceous  strata  of  North  and  South 
AiDcnca. 

E. — Cainozoic  or  Tbrtiaby. 

23.  Eocene  or  Lower  Tertiary. — Meaning  of  the  terms  Eocene,  Mio-> 
oene,  and  Pliocene  as  used  by  Sir  Charles  Lyell.  -Grouping  of  greater 
divisions  and  subdivisions  of  the  English  and  French  strato  as  usiuJly 
given  in  mannals.  Areas  occupied  by  the  English  and  French  Eocene 
strata.  Evidence  of  the  upheaval  of  the  Chalk  and  older  strata  of 
Western  Europe  before  the  Eocene  period.  Fossils  of  the  Thanet  sand 
and  Woolwich  and  Reading  beds,  oi  the  London  clav,  Bagshot,  Brack- 
lesham,  and  Barton  beds,  and  of  the  Isle  of  Wight  and  Hampshire 
strata  from  the  Headon  to  the  Hempstead  beds  inclusive ;  riz.,  plants, 
fhraminifera,  brachiopoda,  conchifera,  and  gasteropoda,  marine,  estua- 
rine,  and  fresh-water;  cephalopoda,  echinodermata,  cirripedia,  cms- 
tac^  flsh,  reptiles,  birds,  and  mammalia.  The  evidence  shown  by  these 
of  the  manner  in  which  the  different  formations  or  parts  of  formations 
were  deposited;  1st,  into  three  broad  divisions,  estuarine  and  fluvio- 
marine  oelow ;  marine  in  tiie  middle ;  and  fresh  water,  estuarine  and 
flurio-marine  above.  Evidences  of  land  and  its  nature  drawn  from 
plants  and  from  mammalian  remains.  Plants  of  the  various  subdivisions, 
and  association  of  plants  in  Hempstead  series  with  Eocene  sheUs  of  lower 
beds.  The  nummulitic  beds  of  England,  the  Continent  of  Europe, 
Asia,  and  Africa.  Evidences  of  climates  of  Eocene  times  as  indicated 
by  shdls,  reptiles,  and  plants,  &c.  Original  extension  and  subsequent 
denudation  of  Eocene  beds  in  Britain.  Denudation  of  the  Weald. 

24.  Miocene  or  Middle  Tertiary  f/ra/a.— British  Miocene  strata  and 
igneous  rocks.  Fossils  of  and  nature  of  the  strata.  French  marine 
and  fresh-water  and  igneous  rocks.  Their  fossils  and  the  mammalia  of 
tibe  period.  Miocene  beds  o(  the  Rhine,  Switzerland,  Bohemia,  and 
other  parts  of  tiie  Continent  of  Europe.  Their  divisions,  lithobgical 
characters,  and  fossils.  The  Alps  and  other  lands  before  the  Miocene 
epoch,  and  the  manner  in  whidi  the  Swiss,  Italian,  and  other  Miocene 
rocks  were  deposited.  Theory  of  a  glacial  episode  during  Miocene  times. 
Mammalia.  The  Miocene  insects  and  flora,  especially  of  the  British, 
Swiss,  Icelandic,  and  Arctic  regions.  Brown  coal  of  England  and  the 
Continent.  Disturbances  of  me  Alps  and  Jura  before  and  after  the 
dose  of  the  Biiocene  epoch.  Miocene  rocks  of  India  and  the  United 
States  and  their  fossils.  r^r^rj  1 
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25.  Port'Pliocene  Strata,  Cray,  Sfc, — (See  w,  p.  3)  and  in  addition 
proofe  of  Britain  having  been  joined  to  the  Continent  before  the  Crag 
epoch. 

26.  Glacial  period  and  other  Strata  later  than  the  Cra^.— Old  land 
BurfEice  of  Britain  later  than  the  Crag  and  Forest  beds.  Their  plants, 
TnannTnalia,  and  shells.  The  Glacial  period.  Great  glaciers  before  the 
deposition  of  the  boulder  drift  in  the  northern  and  southern  hemi- 
spheres generally,  and  in  Switzerland  and  other  mountain  ranges  specially. 
The  surns  of  this.  Boulder  beds  and  arctic  shells.  Minor  glaciers  during 
and  after  the  deposition  of  the  boulder  beds.  Their  signs.  Erosion  of 
valleys  by  andent  glaciers.  Theonr  of  the  formation  of  rock-bound 
basins  by  glaciers  and  of  other  lakes  by  boulder  beds  and  esken  or 
kaims.  General  nature  of  the  ftiuna  of  the  period.  Union  of  the 
British  islands  and  their  union  with  the  contment  before  and  after 
the  glacial  epoch.  Theories  of  the  causes  that  produce  this  ^ladal 
period  and  of  facial  periods  in  general.  Volcanic  rocks  of  the  Eifel. 
Loess  of  the  llhine  and  other  rivers,  brick-earths,  river-gravels,  and 
alluvia  of  various  ages.  Mammalian  and  other  bones  in  these  in  Europe, 
Asia,  and  America.  Bone  caves  and  tiie  manner  of  the  preservation  of 
their  fossils.  Relics  of  man  and  his  works  in  caves,  river  deposits,  diell 
mounds  of  Denmark,  &c.,  and  in  Swiss  and  other  lakes.  Contours  of 
ground  before  and  after  the  glacial  period.  Pre-glacial  and  post-glacial 
valleys. 

27.  Theories  that  have  been  proposed  to  explain  the  distribution  of 
life  in  individxial  formations  and  throughout  the  whcie  geological  series, 
or  the  origin,  increase,  distribution,  and  disappearance  of  species  and 
genera  commonly  so  called.  The  relations  of  the  life  of  successive 
formations  to  each  other  generallv.  Relations  of  existing  faunas  and 
floras  of  the  world  to  those  of  Miocene,  Pliocenoe,  and  Pos^pliocene 

28.  Water-bearing  strata  and  underground  drainage.  Artesian  and 
other  wells.  Rocks  in  which  ores  are  found,  and  mode  of  occurrence 
of  those  in  beds,  lodes,  and  superfldal  detritus.  The  rules  that  ought 
to  guide  the  miner  in  sinking  for  coal  and  other  minerals,  when  the 
beds  in  which  they  lie  are  concealed  by  overlying  and  unconformable 
strata. 

Examination  pgr  Honours. 

In  additio  n  to  the  foregoing,  candidates  may  be  examined  in  any  sub- 
jects treated  of  in  standard  manuals  and  other  books  mentioned  below. 

Text-books. — Geology  :  LyeU*s  Principles  of  Geology  j  Lyell's 
Elements  of  Geology  ;  The  Students  Manual  of  Geology,  Jukes ;  Jukes's 
Geology  for  Schools  ;  Page's  Introductory  Text-book  j  Page's  Advanced 
TesBt'iook:  Ramsay's  Physical  Geology  and  Geography  of  Great  Britain; 
Jukes's  Popular  Physical  Geology  j  Dana's  Manual  of  Geology  j  Dana's 
Text'book  of  Geology ;  Page's  Handbook  of  Geological  Terms ;  Wood- 
ward's Recent  and  Fossil  Genera  of  SheUs;  Bristow's  Glossary  of 
Mineralogy, 

Other  books  that  m«y  be  consulted:  Murchison's  Siluriaj  De  la 
Beche's  Researches  in  Tlieoretical  Geology:  De  la  Beche's  Theoretical 
Observer;  Darwin's  Journal  of  a  Naturalist;  Darwin's  Origin  of 
Species;  Morris's  Catalogue  of  British  Fossils ;  Lowry's  Tabular  View 
^  Characteristic  British  FbssHs;  Lowry's  Chart  of  the  Characteristic 
British  Tertiary  Fossils;  Chart  of  Fossil  Crustacea,  Salter  and  Wood- 
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Sabjeet  auzz.— Mtneralogy. 

Elementary  Course. 

A.  Instraefcion  in  this  subject  should  commenoe  with  a  distinct 
understanding  of  the  characters  and  circumstances  hj  which  minerals, 
properlj  so  oJled,  are  to  be  distinguished  from  other  inorganic  sub- 
stances, and  of  the  position  of  this  science,  in  relation  to  the  collateral 
sdenoes  of  phjaics,  chemistrj,  and  geology.  Definitions  of  a  mineral, 
a  crystal,  and  of  the  conditions  tmned  crystalline  and  amorphous. 
OonnreBoe  of  other  more  or  less  regular  forms  not  crystals.  Distinction 
of  oompoond  masses  or  mixtures  of .  minerals. 

B.  CtystaUography,  as  the  essential  means  of  appreciating  the  forms 
naturally  assumed,  under  favourable  conditions^  b^  almost  all  inorganic 
bodies  of  definite  composition,  must  oonmience  with  the  needhil  defini- 
tions ;  faces,  edges,  and  sohd  angles ;  plane  figures  of  3,  4,  5,  6  and  8 
sides ;  the  names  and  chief  featiues  of  the  more  important  geometrical 
solid  figures  which  occur  among  crystals ;  the  object  of  referring  the 
faces  to  systems  of  axes,  and  the  various  directions  in  which  these  may 
be  placed. 

Method  of  drawing  crystals  isometrically. 

Relation  of  the  hemihedral  to  holohedral  forms. 

The  grounds  for  grouping  the  various  crystal  forms  into  six  systems. 

Laws  by  which  the  derivation  of  one  form  from  another  within  the 
limits  of  ttie  same  system  is  determined. 

Complex  or  modified  crystals  may  be  regarded  as  combinations  of  the 
fftcea  of  two  or  more  simple  forms. 

The  leading  figwes  of  the  six  systems  to  be  studied,  with  frequent 
practice  in  drawing. 

Twin  crystals  and  hemitropes;  the  relative  position  of  the  axes  of 
their  several  portions. 

Irragularttiea  to  whidi  the  surface  of  crystal  faces  is  subject,  certain 
angular  elements  remaining  constant ;  measurement  of  these  latter  by 
instruments.  Principles  of  the  contact  goniometer  and  of  WoUaston's 
goniometer. 

^  C.  Aggregation,  or  natural  grouping  of— Istly,  the  distinctly  crystal- 
lized minerab ;  2ndly,  of  the  crystolline  nunerals,  especially  with 
reference  to  structure  and  general  form  of  masses  of  the  usefril  minerals 
and  of  oystalline  rocks. 

D.  Other  pkyncal  properHes.^Tha  cleavage  of  crystallized  substances, 
and  its  relation  to  crystalline  form.  Fracture,  its  various  characters. 
Comparative  hardness,  how  best  determined.  DifiPerent  qualities  of 
tenaeity.  Specific  gravity  of  solids,  how  determined ;  the  balance,  the 
ineometer. 

Propegty  of  magnetism;  what  substances  are  capable  of  being 
attracted  by  a  magnet,  and  what  is  the  comparative  intensity  of  the 
effect.  Polarity.  Influence  of  certain  minerals  disseminated  in  rocks  on 
the  correctness  of  survqrs. 

Peculiarities  of  smell  and  of  taste  which  distinguish  a  limited  number 
of  ntxneitds. 

E.  Optical  characters, — Single  and  double  refraction,  and  their  rela- 
tion to  certain  crystaUographi<»d  systems. 

Different  degrees  of  lustre  and  transparency. 

Colour  essential  in  some  species,  not  so  in  others ;  varieties  of  ^^^Q^f^gle 
bow  fitt  they  are  capable  of  definition.  ^  o 
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Phospborescence  as  produced  by  different  methods  and  exhibited  by 
certain  minerals. 

F.  Chemical  characters. — Simple  or  elementanr  substances;  some  of 
them  occur  as  minerals ;  their  symbols  and  the  derivation  of  the  same. 
Equivalents ;  chemical  combinations ;  principal  groups  of  these  occur- 
ring in  the  mineral  kingdom. 

Dimorphism  of  particular  substances,  accompanied  by  a  difference  in 
other  physical  characters  besides  form. 

The  employment  of  acids  in  the  discrimination  of  minerals. 

The  blowpipe,  its  form  and  uses ;  the  reducing  and  the  oxidising 
flames.  Trial  of  comparative  fusibUity,  of  the  colour  given  to  the 
flame,  the  incrustation  on  charcoal ;  the  effects  of  fusing  various  metallic 
oxides  with  beads  of  borax  glass. 

Pseudomorphism. — ^The  phenomena  presented  by  minerals  which  have 
the  composition  of  one  mineral  coupled  with  the  form  of  another. 
Analogous  action  of  fossilization  or  petrifaction. 

G.  General  requirements  of  a  system  of  classification  of  minerals. 

H.  The  physiographv  or  svstematic  description  of  minerals.  This 
last  division  should  include  aU  the  more  remarkable  varieties  as  well  as 
species,  and  should  take  especial  note  of  the  modes  and  places  of  occur- 
rence, as  weU  as  of  the  association  of  particular  groups  of  minerals  in 
certain  veins  or  formations. 

It  would  not  be  expected  that  the  elementary  course  should  include 
the  description  of  the  rarer  substances,  or  of  those  species  whose 
characters  are  not  yet  well  ascertained,  but  attention  should  chiefly  be 
given  to  those  species  which  form  the  constituents  of  rocks  and  those 
which  as  ores  supply  the  materials  for  the  production  of  the  useful 
metals. 

Advangbd  Stage.* 

A.  Discussion  of  the  relation  of  true  minerals  to  other  inorganic  sub- 
stances, and  how  bodies  of  organic  origin  may  be  classed  among 
minerals. 

B.  The  dependence  of  symmetry  in  crystal  forms  on  the  axial  system. 
The  crystallographical  value  of  a  face  is  the  same  as  that  of  any  plane 
parallel  to  it,  on  the  same  side  of  the  centre  of  the  crystal.  Position  of 
the  normals  to  a  face.  The  methods  of  indicating  the  faces,  and  thenoe 
the  entire  forms  of  crystals  bv  symbols.  Drawing  of  a  sphere  of  pro- 
jection in  which  the  poles  of  tne  crystal  faces  may  be  sbown.  Con- 
venience of  representing  in  a  great  circle  the  poles  of  a  zone  of  fi&cea. 
The  magnitude  of  the  angle  between  the  normtds  being  the  supplement 
of  the  mutual  inclination  of  the  planes,  the  first  kind  of  measurement 
(t.e.  between  the  normals)  is  adopted  by  certain  authors,  and  is  easily 
reducible  into  the  other  kind.  Statement  of  the  angular  And  linear 
dimensions  requiring  to  be  determined  for  the  description  of  the  simple 
forms  of  all  the  systems  after  the  cubical. 

Twin  crystals,  the  twin  plane,  and  twin  axes ;  examples  of  their  posi- 
tion in  important  minerals  of  the  several  systems. 

C.  Reticulated,  wiiy,  and  capillaiy  forms,  explanations  suggested  for 
their  formation.   Other  peculiinties  in  grouping. 

D.  The  prevailing  directions  of  cleavage  in  the  several  crystallogiaphi* 
cal  systems. 

Determination  of  the  specific  gravity  of  a  substancensontainfed  in  a 
mechanical  mixture.  Digitized  by  VjOOg^ic 
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Electricity;  by  wbat  means  this  property  is  exliibited  in  different 
minerals. 

E.  Refinction  of  light ;  different  positions  of  the  ordinary  and  extra- 
ordinary ray  in  doubly-refracting  bodies.  Optic  axes  of  a  crystal,  their 
raziation  in  different  species  of  minerals. 

Polarised  light,  its  connexion  with  double  refraction.  Construction 
of  the  polariscope. 

Dichroism  and  pleochroism,  a  remarkable  property  of  some  few 
minerals. 

F.  Character  of  the  chemical  composition  of  the  more  complex 
minerals. 

The  deetro-negatiye  element  in  chemical  combinations  has  the  pre- 
ponderating effect  in  influencing  the  external  character. 

Isomorphism,  as  shown  by  Mitscherlich,  to  result  from  a  group  of — 
1st,  isomorphous  acids ;  2nd,  of  isomorphous  bases.  Pol;^meric  isomor- 
phism of  Sdieerer ;  its  meaning,  and  the  arguments  in  its  favour, 
vicarious  or  irregular  replacement  among  one  another  of  isomorphoua 
constituents. 

Testing  of  minerals  in  the  moist  way  simply  practicable,  for  qualitative 
pmrpoaes. 

Treatment  of  various  metallic  ores  before  the  blow-pipes. 

Pseudomorphous  substances  as  arranged  in  groups  according  to  the 
nature  and  degree  of  change  they  have  undergone. 

Discussion  of  anogenic  and  kjatogenic  pseudomorphs,  or  those  which 
have  been  produced  above  by  oxidizing,  and  below  by  reducing  pro- 
cesses respectively. 

Extension  of  pseudomorphous  action  on  a  large  scale  to  gossans  " 
and  to  geological  formations. 

O.  Methods  of  dassiflcation  as  proposed  by  the  leading  authors  in 
mineralogy.  Review  of  the  difficulties  caused  in  dasufication  by  the. 
ooeurrence  of  the  isomorphous  substances. 

Discussion  of  the  means  of  defining  a  species  among  minerals. 

H.  Species  and  varieties  of  minerals  as  described  in  the  best  manuals. 
Their  occunenoe  under  various  circumstances  to  be  particularly  studied. 
The  changes  in  composition  wrought  by  nature  (pseudomorphous  action), 
by  which  one  species  is  converted  into  another,  and  the  essential  points 
of  difference  between  species  much  alike  in  certain  characters,  will  be 
hdd  of  much  importance  in  dealing  with  the  minerals  of  special  value 
or  interest.  It  is  not  expected  that  the  memory  should  be  charged 
with  the  details  of  substances  of  very  rare  occurrence,  or  of  doubnul 
independence  as  spedes. 

Examination  for  Honours. 

The  questions  will  as  a  general  rule  be  such  as  are  embraced  in  the 
above  syllabus,  but  candidates  will  be  required  to  prove  a  practical  ac- 
quaintance with  minerals  and  with  crystfd  forms,  and  will  need  to  have 
studied  some  of  the  more  advanced  works  mentioned  below. 

As  text-books  may  be  recommended — 

Plrofessor  Ansted's  Elementary  Course  of  Mineralogy  and  Geology, 
London,  1856. 
NiooFs  Elements  of  Mineralogy.   Edinburgh,  1858. 
Dana's  Manual  of  Mineralogy,  1851. 
Bristow*8  Dictionary  of  Minerals,   Longman  &  Co.  1861. 
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For  more  advanced  students — 

Brooke  and  Miller's  Mineralogy.   London,  Longman,  1852. 

On  Crystallography.  Rev.  W.  Mitchell,  in  Orr's  "  Cirele  qf  the 
Sciences."   London,  1866. 

Dana's  System  qf  Mineralogy.   Sih  edition.   New  York,  1868. 

Naumann's  Elemente  der  Mineralogie,  7th  edition.  Leipzig,  1868. 
Williams  and  Norgate,  London. 

Breithaupt's  Paragenesit  der  MineraHen.   Freiberg,  1849. 

Haidinger's  Handbuch  der  Mineralogie.    Vienna,  1845. 

Des  Cloizeaux,  Manuel  de  Mineralogie.   Paris,  1862. 

Greg  and  Lettsom's  Manual  of  British  Minerals.  1858. 

When  it  is  intended  to  teach  this  subject  with  special  reference  to  the 
practical  working  of  minerals,  the  physiographical  part  will  be  occupied 
more  particularly  with  certain  of  tne  useful  species  and  their  associated 
substances,  and  the  following  works  may  be  consulted : — 

W.  J.  Henwood  on  the  Metalliferous  Deposits  of  Cornwall  and  DevoUp 
1843. 

Bischof,  Chemical  and  Physical  Geology,  translated  by  the  Cavendisk 
Society.  1854. 


8a1i||eet  XXV> — ^IVnlmal  Pliysiolonr* 

First  Stage  or  Elsmentary  Course. 
Questions  wiU  be  confined  to  the  under-mentioned  topics. 

A.  Anatomical  PaEmuNAKiEs. 
The  general  build  of  the  human  body. 

The  meaning  of  the  terms  skull,  vertebra,  rib,  sternum;  scapula, 
clavicle,  humerus,  radius,  ulna,  carpus,  metacarpus,  phalanges  (ot  the 
hand) ;  pelvis,  femur,  tibia,  fibula,  tarsus,  metatarsus,  phalanges  (of  the 
foot) ;  integument,  mucous  membrane,  connective  tissue,  tendon,  liga- 
ment, cartilage,  muscle,  nerve. 

The  position  in  the  body  and  the  general  form  and  size  of  the  follow- 
ing internal  parts ; — ^The  brain  and  spinal  cord ;  the  pharvnx,  the  gullet^ 
stomach,  ana  intestines ;  the  salivaiy  glands,  the  liver  ana  pancreas ;  the 
posterior  nares,  the  larynx,  trachea,  and  lungs ;  the  kidneys  and  bladder  ; 
the  heart  and  the  great  vessels ;  the  thoracic  duct,  and  the  chief  lymphatic 
glands ;  the  spleen ;  the  diaphragm. 

B.  Chemical  Fbeliminabies. 

The  composition  of  air,  water,  carbonic  acid,  and  ammonia. 

The  chemical  elements  of  which  protein,  fat,  and  sugar  are  composed* 

The  nature  of  the  most  impoitant  mineral  compounds  which  are 
formed  in  the  body. 

The  ultimate  chemical  products  of  the  decay  and  putrefaction  of  the 
dead  body. 

C.  Gexbbal  View  of  the  Animal  Body  in  Action. 

The  evidence  that  the  body  constantly  wastes  during  life ;  the  nature 
of  the  waste  products,  and  of  the  compensation  for  waste  j  the  essential 
characters  of  food  stuffs. 

The  part  played  hj  oxygen  in  the  economy. 

The  number,  position,  and  uses  of  the  sensorjr  organs. 

The  nature  of  cilia  and  the  movements  to  which  they  give  rise. 
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The  phynolpgical  properties  of  muscular  tissue. 
The  modes  in  whicti  muscles  give  rise  to  movements  and  sustain  the 
bodr  in  the  erect  posture. 

The  physioloffical  properties  of  nervous  tissue. 

Hie  general  mnctions  of  the  brain  and  of  the  spinal  cord. 

Local  and  general  death. 

P.  Special  FaraioiiOOTc 
a.  The  circulatory  Organs^ 

The  anangement  of  the  chambers  of  the  heart  and  of  its  valves. 

Thegenerid  differences  between  arteries^  veins,  and  capillaries. 

The  course  of  the  circulation  of  the  blood  and  the  reasons  why  the 
blood  moves  only  in  one  direction. 

Tlie  meaninff  of  the  beat  of  the  heart,  of  the  pulse  in  the  arteries,  and 
of  the  jet-like  Sow  of  blood  from  a  cut  artery. 

The  evidence  of  the  circulation  obtainable  in  tiie  living  body. 

b.  The  Blood. 

The  phenomena  presented  by  blood  drawn  from  the  body. 
The  general  natiue  of  the  corpuscles  of  the  blood. 
The  ffeneral  composition  of  the  blood. 
The  difference  between  blood  and  lymph. 

e.  Respiratum  and  other  processes  which  modify  the  condition  of  the  Blood, 

The  obvious  differences  between  arterial  blood  and  venous  blood. 
How  venous  can  be  converted  into  arterial  blood  out  of  the  body. 
How  and  where  venous  is  converted  into  arterial  blood  in  the  body. 

How  the  air  which  leaves  the  lungs  differs  from  that  which  enters 

The  genend  nature  of  the  respiratory  movements. 

The  course  of  the  air,  when  breathing  takes  place  through  the  nose. 

The  conditions  which  give  rise  to  asphyxia. 

The  essential  composition  of  the  urine. 

The  general  structure  of  the  apparatus  by  which  its  separation  from 
the  blood  is  effected. 

The  essential  composition  of  the  sweat. 

Hie  general  stricture  and  functions  of  the  skin. 

The  manner  in  which  the  blood  enters  and  leaves  the  liver. 
The  nioducte  yielded  by  the  liver  to  the  blood  directiy,  and  through 
the  medium  of  tne  alimentary  canal. 

The  chief  characters  of  the  bile.   The  use  of  the  gall-bladder. 

The  source  of  the  heat  of  the  body.  The  manner  in  which  the  tem- 
perature of  the  body  is  distributed  and  regulated. 

d.  Alimentation. 

The  quantity  of  dry  solid  and  gaseous  aliments  required  daily  by  an 
adult  man. 

The  chusification  of  food  stuffs. 
The  economy  of  a  mixed  diet. 

What  becomes  of  proteid,  fatty,  amyloid,  and  mineral  food  stuffs 
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The  nature  and  functions  of  the  salivary,  gastric,  and  panereatie 
secretions. 

The  manner  in  which  nutritive  matters  are  absorbed,  and  innutritiou» 
matters  excreted,  from  the  alimentary  canal. 

e.  Animal  Mechanics, 

The  different  kinds  of  levers  and  their  exemplifications  in  the  body. 
The  nature  of  joints,  with  examples  of  ball  and  socket,  hinge  and 
pivot-joints. 
The  conditions  of  the  production  or  the  voice.* 
The. difference  between  voice  and  speech. 

/.  The  Senses  and  their  Organu 
The  general  structure  of  the  organ  of  touch. 

The  means  of  measuring  the  acuteness  of  the  sense  of  touch  in  different 
parts  of  the  body. 

The  general  structure  of  the  organs  of  taste  and  of  smell. 

The  external  auditorv  passage  and  the  t)rmpanic  membrane. 

The  tvmpanum  and  how  it  opens  into  the  pharynx. 

The  chain  of  ear  bones  and  their  connection  on  the  one  hand  with  the 
tympanic  membrane,  and  on  the  other  with  the  membrane  of  the  fenestra 
oralis* 

The  form  of  the  membranous  labyrinth  and  of  the  cochlea.  The 
nature  of  the  endolymph  and  perilym{)h  and  of  the  otoconia.  The  rel&- 
tion  of  the  auditory  nerve  to  the  labyrinth.  , 

The  manner  in  which  the  impact  of  sound-waves  on  the  tympanic 
membrane  affects  the  auditoiy  nerve. 

The  eyelids,  and  the  manner  in  which  they  are  moved.  The  lachry- 
mal apparatus.  The  form  of  the  eye  ball ;  its  general  structure,  and  the 
functions  of  its  component  parts. 

The  manner  in  which  the  movements  of  the  eye-ball  are  effected. 

The  blind  spot.  The  duration  of  luminous  impressions.  Colour- 
blindness. * 

g.  The  Nervous  System, 

The  difference  between  the  cerebro  spinal  and  the  mnpathetie  systems. 
The  nature  and  functions  of  the  roots  of  the  spinal  nerves. 
The  evidence  that  the  spinal  cord  is  capable  of  effecting  reflex  action. 
The  nature  and  functions  of  vaso-motor  nerves. 
The  most  important  functional  peculiarities  of  the  medulla  oblongata. 
The  evidence  that  the  higher  faculties  of  the  mind  have  their  seat  in 
the  brain. 

The  number,  names,  and  functions  of  the  cerebral  nerves. 

Second  Stage  of  Advanced  Course. 

In  addition  to  the  preceding^  a  knowledge  of  the  following  subjects 
will  be  required  : — 

a.  The  Circulatory  System, 

The  minute  structure  of  the  organs  of  circulation.  The  manner  in 
which  they  are  supplied  with  blood  and  with  nervous  energy.  The 
pericardium. 

The  detuled  analvsis  of  the  movements  and  sounds  of  the  heart,  and 
of  the  phenomena  of  the  pulse.  The  causes  of  blushinff  and  of  pallor. 
The  influence  of  the  respiratory  movements  on  the  circulation.  The 
effect  of  irritation  of  the  pneumogastric  nerve  upon  the  hei^^j^to^ 
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The  stractare  of  the  lymphatic  vessels  and  glands,  and  the  connexion 
of  the  lymphatic  with  the  blood  vascnlar  system. 

b.  The  Blood,  the  Lymph,  and  the  Chyle. 

The  sizes  and  the  stractore  of  the  corpuscles  of  these  fluids.  The 
phenomena  which  they  exhibit.  Their  probable  fiinctions.  The  com- 
fNtttion  of  the  blood  in  detaiL  The  natiure  of  the  process  of  coagulation. 

e.  The  Respiratory  System.  - 

The  stmctore  of  the  Ihorax.  The  pleura?.  The  structure  of  the 
respiratory  organs  and  the  distribution  of  the  blood  through  them.  The 
analTsis  of  the  respiratoiy  movements  in  detail.  The  mechanism  by 
whidi  coughing,  sneezing,  nghing,  and  hiccoughing  are  effected.  The 
physical  and  chemical  processes  involved  in  the  conversion  of  inspired  into 
expired  air,  and  <^  venous  into  arterial  blood.  The  quantity  of  waste 
TOoducts  excreted  and  of  oxygen  taken  in  by  the  hmgs  in  24  hours. 
The  rationale  of  ventilation. 

The  Urinary  System. 

The  minute  structure  of  the  kidney,  ureter,  and  bladder. 

The  circulation  in  the  kidney  and  the  changes  which  the  blood  under- 
goes in  passing  through  it. 

The  quantil^  of  waste  products  of  all  kinds  excreted  by  the  kidneys 
in  24  hours. 

The  Skin. 

The  minute  structure  of  the  skin,  of  the  hairs,  nails,  and  glands  con- 
nected with  it.  llie  musdes  of  the  hair-sacs. 
The  quantity  of  waste  products  excreted  by  the  skin  in  24  hours. 

The  lAver. 

The  structure  of  the  liver,  and  the  course  of  the  blood  through  it.  The 
anangement  of  the  ducts  of  the  liver.  The  composition  of  the  bUe,  and 
the  quantity  of  that  fluid  secreted  daily.  The  functions  of  the  bile. 
The  nature  and  uses  of  glycogen. 

The  Spleen  and  the  other  Ductless  Glands. 
The  structure  and  probable  functions  of  these  organs. 

The  Alimentary  Canal. 

1  he  structure,  forms,  kinds,  and  succession  of  the  teeth.  The  structure 
and  fimctions  of  the  stdivaiy  glands.  The  structure  and  functions  of  the 
tongue,  the  soft  palate,  uvula  and  tonsils.  The  pharynx  and  the  oesopha- 
gus and  the  structure  of  their  walls,  llie  stomach,  its  form ;  the  structure 
of  its  walls ;  its  glands  and  their  functions.  The  divisions  of  the  intes- 
tine. The  structure  of  its  walb.  Villi.  Glands.  Peyer's  patches,  llie 
structure  and  functions  of  the  pancreas.  The  peritoneum  and  the  nature 
of  the  mesenteiy. 

The  details  of  the  digestive  and  absorptive  processes.  The  profits  and 
losses  of  tiie  economy,  and  how  they  are  balanced  during  health. 

The  Muscular  System  and  Animal  Mechanics. 

The  minute  structure  of  fibrous,  cartikginous,  bony,  and  muscular 
tissue. 

The  physical,  chemicid,  and  phynological  properties  of  muscle.  Rigor 
mortis.   The  mechanism  of  standing,  walking,  running,  and  jumning. 

The  structure  and  working  of  the  laiynx.  The  mode  in  which  con- 
sonantal and  vowel  sounds  and  articulate  speech  ^^.P^^^^^J^^Qole 
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The  Senses* 

The  structure  of  the  papiUs  of  the  skin^  and  of  the  tactile  corpuscles. 
The  muscular  sense. 

The  minute  structure  and  nervous  supply  of  the  tongue  as  a  sensoty 
organ. 

The  structure  of  the  olfactoiy  onrgan.  The  nature  and  extent  of  the 
iur  chambers  connected  with  it.  Tne  minute  stmetuie  of  the  Schnei- 
derian  membrane  and  of  the  olfactory  nerve-fibres.  The  mechanism  of 
smelling. 

The  structure  of  the  ear.  The  external  ear  and  the  muscles  which 
move  it.   The  muscles  connected  with  the  ear  bones  and  their  actions. 

The  minute  structure  of  the  membranous  labyrinth  and  cochlea. 
The  probable  functions  of  these  organs. 

The  minute  structiAre  and  the  properties  of  the  various  constituents 
and  coverings  of  the  eyeball.  Complementary  colours.  Phosphenes. 
Purkinje's  figures.  Adjustment.  Regulation  of  light.  Double  vision 
with  one  eye. 

Sensations  and  Judgments, 

The  notion  of  roundness.  Subjective  sensations.  Ventriloquism. 
Erect  vision.  Double  vision  and  single  vision  with  two  eyes.  Judg- 
ments of  distance  and  form.   The  pseudoscope  and  the  stereoscope. 

The  Nervous  System. 

The  structure  of  ganglionic  corpuscles  and  of  nerve  fibres.- 

The  structure  of  the  investments  of  the  brain  and  spinal  cord. 

The  minute  structure  of  the  spinsd  cord.  The  genml  dispoffition  of 
the  histological  elements  of  the  brain. 

The  names  and  positions  of  the  larger  divisions  of  the  brain  and  of  its 
ventricles. 

The  origins  and  functions  of  the  spinal  and  cerebral  nerves  in  detail. 
The  effect  of  cutting  the  spinal  cord  in  various  ways,  and  of  ucyuries 
to  the  medulla  oblongata. 
The  effect  of  removing  the  hemispheres  of  the  brain. 
Unconscious  cerebration  and  acquired  reflex  action. 

Reproduction. 

The  structure  of  the  ovum  and  of  the  spermatozoon. 
The  process  of  yelk  division. 

The  formation  of  the  blastoderm  and  the  development  therefrom  of 
the  body  of  the  embryo,  with  Amnion,  Allantois,  and  Yelk  sac. 
The  nature  of  the  Chorion,  of  the  Decidua,  and  at  the  Placenta. 
The  mode  in  which  the  foetus  is  nourished. 

The  development  of  the  heart  and  the  foetfll  circulation.  The  changes 
.in  the  circulation  which  take  place  at  birth. 
The  lacteal  glands  and  lactation. 

The  modifications  in  the  proportions  of  the  body  from  birth  to  adult 
age. 

The  general  modifications  in  the  condition  of  the  skeleton  fron^  its 
earliest  appearance.  The  notochord.   The  process  of  ossification. 
The  thymus  and  thyroid  glands. 
The  two  dentitions. 

Examination  for  Honours. 

Candidates  will  be  examined  in  any  subject  treated  of  in  the  standard 
English  works  upon  Physiology,  such  as  Carpenter's  Princ^les  of 
Human  Physiology,  and  Marshau'^B  Outlines  of  Human  and  Comparative 
Physiology. 
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For  the  elementary  stage— 

Lessons  in  Elementary  Physiology,  by  T.  H.  Huxley,  l8mo.j  4s,  6d, 

(London,  Macmillan,  1868.) 

is  leoommended  as  a  teict  book. 

For  the  advanced  stage,  in  addition  to  the  above,  the  following  works 
are  recommended : — 

A  Manual  qf  Physiology,  by  W.  B.  Carpenter,  12mo.,  12s.  6d. 

(London,  Churchill,  4th  ed.^  1865.) 
[  Handbook  of  Physiology,  by  W.  S.  Kirkes,  8vo.,  12«.  6d. 

(London,  Walton  and  Maberly.) 

Babjeet  SV^Zoolonr. 

N.B. — Students  should  have  been  instructed  in  the  elements  of  phy- 
taxiioff  before  commencing  the  study  of  Zoology.  After  May  1869  no 
canduiate  will  be  passed  in  Zoology  unless  at  the  sam^  or  at  a  previous, 
examination  he  has  been  passed  in  the  elementary  stage  of  animal 
physiology. 

I.  — First  Stage  or  Elementary  Course. 
Qsesthns  will  be  confined  to  the  following  topics : — 

The  characteristic  and  distinctive  features  of  the  following  groups  of 
animals: — Vertebrata,  Mammalia,  Aces,  Reptilia,  AmphiUa,  Pisces, 
Arthropoda,  Insecta,  Myriapoda,  Arachnida,  Crustacea,  Annelida,  Echi- 
nodermata,  Rotifera,  Infusoria,  Spongida,  Foraminifera,  Ccelenterata, 
Hydrozoa,  Actinozoa,  Polyzoa,  Brachiopoda,  Lamellwranchiata,  Pw/oto- 
gasteropoda,  Branchio-gasteropoda,  Cephalopoda, 

(Candidates  will  be  expected  to  be  able  to  refer  any  British  member  of 
one  of  these  groups  to  its  proper  group.) 

The  general  nature  and  arrangement  of  the  skeleton  (or  hard  parts)  in 
Forandmfera,  Spongida,  Hydrozoa,  Actinozoa,  Brachiopoda,  Lamellibran^ 
cMata,  Gasteropoda,  Echinodermata,  Arthropoda,  Vertebrata, 

The  general  nature  and  working  of  the  alimentary  apparatus  observed 
in  Infusoria,  Hydrozoa,  Actinozoa,  Polyzoa,  Gasteropoda,  Annelida,  ArthrO' 
poda,  Pisces,  Aves,  Mammalia. 

The  general  structure  and  working  of  the  organs  of  circulation  and 
respiration  in  Lamellibranchiata,  Gasteropoda,  Crustacea,  Arachnida, 
Inseeta,  Pisces,  Amphibia,  ReptiUa,  Aves,  Mammalia, 

The  ffeneral  nature  of  the  nervous  system  in  Rotifera,  Echinodermata, 
Anndiaa,  Arthropoda,  Polyzoa,  LamelHbranckiata,  Vertebrata. 

The  principal  characters  of  the  organs  of  hearing  in  Lamellibranchiata, 
Crustacea,  Pisces,  and  Mammalia;  and  of  the  organ  of  sight  in  Annelida, 
Arachnida,  Insecta,  Gasteropoda,  and  Vertebrata. 

The  general  nature  of  the  process  of  development  in  Hydrozoa, 
LameUtbranchiata,  Crustacea,  Insecta,  Amphibia,  and  Aves, 

II.  — Second  Stage  or  Advanced  Course. 

Questions  may  be  set  in  all  subjects  enumerated  under  the  Elementary 
Stage,  atsd  in  addition  on  the  following  topics 

The  characters  and  distinctive  peculiarities  of  the  Nematoidea,  Acan* 
ihoc^hala,  Turbellaria,  Trematoda,  Ascidioida  (or  Tunicatd),  Pteropoda, 
Radiolaria  (or  Polycistina\  Gregarimda,  Rhizopoda  :  and  of  the  principal 
subdivisioDs  (orders)  of  the  Mammalia,  Aves,  KeptUia,  Amphibia,  Pisces, 
Insecta,  Arachnida,  Crustacea,  Annelida,  Echinodermata,  Hydrozoa, 
Actimozoa,  Brachiopoda,  Lam^Uibranchiata,  Gasteropoda,  Cephalopoda. 
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Reference  of  any  specimen  to  its  proper  class  and  order. 

The  most  important  modifications  of  the  vertebrate  skeleton  observ- 
able in  PharyngobranchU,  Marsipobranchii,  Elasmobranchii,  Teleostei, 
Chehnia,  Ophiaia,  Aves,  Monotremata,  Harsupialia,  Cetacea,  Ckdroih' 
tera,  Ungulata,  SimkuUe,  Man, 

The  leadinff  modifications  of  the  appendages  of  the  body  and  head  in 
the  Arthropoaa. 

The  structure  of  the  test  in  Echinus,  Uraster,  and  Comatula  {Antedon), 

The  structure  and  nomenclature  of  the  parts  of  the  sheU  in  BraMo' 
poda,  Lamellibranchiata,  Gasteropoda,  and  Cephalopoda. 

The  structure  of  the  corallum  m  the  AcHnozoa, 

The  structure,  succession,  and  chief  forms  of  the  teeth  in  itf am- 
malia.  The  dental  formulae  of  Man^  of  old  and  new  world  apes ;  of  the 
hedgehog,  the  dog,  the  cat,  the  horse,  the  ox,  the  pig,  the  rabbit,  and 
the  rat. 

The  structure  and  mode  of  formation  of  "whalebone." 

The  structure  and  movements  of  the  beaks  of  Aves  and  Chelonia. 
The  poison  fengs  of  snakes  and  the  mechanism  by  which  they  are 
moved. 

The  teeth  of  ordinary  fishes,  of  sharks,  rays,  Chimera,  and  lampreys. 
The  alimentary  apparatus  of  the  Ruminantia,  and  the  mode  in  which 
it  works. 

The  leading  forms  assumed  by  the  circulatory,  respbatoiy,  renal, 
hepatic,  and  salivary  orsrans  in  the  animal  series. 

The  modifications  of  the  brsdn  and  of  the  sensozy  organs  in  the 
Vertebata,  Arthropoda,  Cephalopoda  and  Gasteropoda. 

The  leading  forms  of  the  reproductive  apparatus,  with  the  general 
process  of  development,  in  Mammalia,  Aves,  Reptilia,  Amphibia,  Pisces 
Arthropoda,  Annelida,  Echinodermata,  Trematoda,  Tttniada,  Spongida 
C<Blenterata,  Lamellibranchiata,  Pulmo-gasteropoda,Branchio^asteropoda 
Cephalopoda. 

The  distribution  of  animals.  The  principal  forms  of  animal  life 
characteristic  of  Australia ;  of  South  America,  with  Mexico  ;  of  Africa, 
south  of  the  Sahara;  of  Hindostan ;  of  Central  Asia,  with  Europe  and 
North  Africa;  of  America,  north  of  Mexico ;  of  the  Atlantic,  the  Indo- 
Pacific,  the  Arctic  and  Antarctic  Oceans. 

The  broad  facts  relating  to  the  succession  of  animal  life  upon  the  globe. 

The  natural  history  of  the  animals  which  supply  articles  of  com- 
merce. 

III. — Examination  for  Honours. 

Questions  at  the  discretion  of  the  Examiner,  who  foUl  have  regard  to 
the  state  of  Zoological  teaching  in  the  country  and  the  means  of 
acquiring  ittformation. 

Sabjeet  JCVZ. — ^Vegetable  Anatomy  and  Ptajralolonr. 

I.  First  Stage  or  Elementary  Course. 

Distinctions  between  flowering  and  flowerless  plants.  Growth  of 
flowering  plant  from  seed.   Plumule,  radicle,  cotyleaons. 

Ascending  and  descending  axis :  axial  and  appendicular  organs. 

Cells:  Parenchyma,  prosenchyma,  ducts,  spiral  vessels.  Vascular 
bundles. 

Structure  and  growth  of  root.  Spongioles. 

Structure  of  exogenous  stem.   Pith,  wood,  bark,  medullary  rays. 

Epidermis.   Hairs,  prickles. 

Nature,  position,  and  development  of  leaf  buds :  branches  an4  spinea. 
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Veostion  and  stractnre  of  leaves,  Stomates. 

Flond  organs,  protective  and  essential.   Sexes  of  plants. 

Structure  and  debisoence  of  anthers.  Structure  of  pollen  grain. 
Evolution  and  course  of  pollen  tube. 

StigmA.  Ovule :  nucleus  and  coats,  foramen.  Anatropous  campylo- 
trojpous  and  ortbotropous  ovides.   Impregnation.  Embryo  sac. 

seed:  hilum,  chalaza,  rhaphe.  Albumen.  Embryo:  monocotyle- 
donous  and  dicotyledonous. 

Food  of  plants.  Course  of  sap,  osmose,  exbalation,  respiration  (by 
day  and  night),  assimilation.   Cambium  layer. 

Composition  of  cellulose,  starch,  surar,  gum,  gluten,  chlorophyll. 

In  the  earlier  course  these  subjects  snould  be  taught  quite  generallv,as 
they  occur  in  the  ordinaiy  type  of  structure.  All  exceptions  should  be 
reserved  for  the  higher  course. 

Sbcond  Stage  or  Advanced  Course. 

Cell  development  by  division  and  free  cell  formation.  Protoplasm. 
Formation  of  ducts  and  vessels. 

Cell  contents.  Cytoblast  or  nucleus,  secondary  deposits,  air,  crystals, 
rfa^hides,  chlorophyll,  oil. 

Circulation  of  fluids  in  cells. 

Functions  of  ceUs  and  vessels.   Intercellular  spaces,  latex  canals. 
Structure  of  trunk  of  climbing  plants,  and  of  tree  ferns. 
Ftaasitical  plants;  leafy  and  l«mess,  on  root,  stem,  bark. 
Development  of  leaves. 
Abnormal  forms  of  stomates. 
Pdlen  formation. 
Ovule  of  LomnthaceiB. 

Lnpregnation  and  embryogeny  of  Conifers  and  their  allies. 

Reproduction  of  Cryptogams. 

Propagation  of  plants  otherwise  than  by  seed. 

Physiology  of  flower;  absorption  of  oxygen,  evolution  of  heat. 

Imtabiii^  of  leaves,  tendrils,  stamens. 

Theoty  of  manures. 

Differences  between  *ni™l*  and  plants. 

£3(A1I1NAT10N  FOR  H0NOUR8. 

Questions  at  the  discretion  of  the  examiner,  who  will  have  regard  to 
the  state  of  learning  in  the  country  and  the  means  of  acquiring  informa- 
tion. 

Bnl^eet  SVZI^ -Sjvtematio  aad  BooBomlo  Botaajr. 

First  Stags  or  Elementary  Course. 
A. — Morphology. 
Ascending  and  descending  axis. 

Root:  annual,  biennial,  perennial;  fibrous,  tuberous,  tap,  &c. 

Stem :  woody  or  herbaceous ;  erect  or  creeping ;  oorm,  bulb,  rhi- 
zome. 

Leaf :  entire  or  variously  cut ;  simple  or  compound ;  kinds  of  com- 
position.  Petiole,  blade. 

Stipules. 

Tendrils. 
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Inflorescence:  raceme^  spike,  catkin^  umbel,  capitalom,  corymb, 
panicle. 

Flower :  complete  or  incomplete,  uni-  or  bi-  sexual ;  regular  or  irre* 
regular. 

Calyx  and  corolla :  polj'  or  ffamo-  sepalous  or  petalous ;  persistent  or 
deciduous ;  valvate,  imbricated  or  twisted  in  estivation. 

Stamens:  number  and  relative  position;  insertion,  cohesion.  Fila« 
ment,  anther. 

O vaiy :  adherent  or  free ;  of  one  or  more  carpels,  uni-  or  multi-  locular; 
number  and  cohesion  of  styles. 

Ovules :  solitary  or  numerous ;  erect,  horizontal,  or  pendulous ;  with 
axile,  free  central  or  parietal  placentation. 

Fruit:  dehiscent  or  indehiscent;  succulent  or  diy;  drupe,  berry, 
achene,  capsule,  legume,  pod. 

B . — Classification* 
Dicotyledones :  thalalamiflorsg,  calyciflorse,  corolliflorse,  incompletae. 
Monocotyledones. 

Acotyledones :  acrogens,  thallogens. 

Distinctive  characters  of  the  largest  British  natural  orders,  viz. 

Ranunculaoeae.  Scrophulariace. 
Cruciferse.  Labiatae. 
Caryophyllese.  Orchidese. 
Legiuninosae.  Liliaceae. 
Rosaceae.  Cyperaceat. 
Umbelliferae.  Graminese. 
Compositae. 

C— JKconomtc  Botany, 
The  candidate  will  be  expected  to  know  the 
genous  to  Great  Britain  and  Ireland,  as  well  as 
following  list ; — 


Wheat. 

Barley. 

Oats. 

Rye. 

Rice. 

Indian  com. 

Pea. 

Bean. 

French  bean. 

Pastiure  Grasses. 

Clover. 

Turnip. 

Mangold. 

Hops. 

Tea. 

Cofltee. 

Cocoa. 

Chicory. 

Tobacco. 

Starch. 

Sugar. 

Giun. 

Caoutchouct 


Gutta  Percha. 

Turpentine. 

Palm  oil. 

Coooanut  oil. 

Castor  oil. 

Olive  oil. 

Indigo. 

Logwood. 

Madder. 

Catechu. 

Galls. 

Oak  bark. 

Cotton. 

Flax. 

Hemp. 

Jute. 

Mahogany, 

Oak. 

Deal. 

Teak. 

Maple. 

Walnut. 


economic  plants  indl- 
those  contuned  in  the 

Opium. 

Quinine. 

Jalap. 

Ipecacuanha. 
Aloes. 
Rhubarb. 
Senna. 

Nutmeg. 

Cloves. 

Pepper. 


Orange. 

Vine. 
Almond. 
Peach. 
Plum. 
Melon. 
Cucumber. 
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Hie  use  of  the  product^  the  part  of  the  plant  affording  it,  the  name 
and  natural  order  of  the  plant  which  yields  it,  its  native  country  when 
wild,  and  when  cultivated  the  area  of  cniltiYation  will  be  expected  to  be 
known. 

Second  Stage  or  Advanced  Course. 

Modifications  of  stem  aimctnre  (as  in  cactus,  &c.) 

Modifications  of  leaf  structure :  Phyllodes,  pitchers. 

Morphology  of  cryptogams  :  firond,  thallus,  theca  or  spore-case,  sorus 

dater,  mycelium,  spore,  &c. 
fhyllotazis. 

Theory  of  Infloreaoenoe. 

BfatemoKphoais  of  flowers. 

Dimorphism  of  flowers. 

Principles  of  classification. 

Natund  family  or  order,  genus,  species,  variety. 

Variations  of  cultivated  plants. 

Characters  of  all  British  natual  orders,  and  of  the  largest  and  most 

important  exotic  orders. 
Claasification  of  Cryptogams :   characters  of  ferns,  Lycopodiaceae, 

£quisetaoe»,  mosses,  Hepaticsp,  Characese,  Algae,  Lichens,  Fungi. 
Principal  economic  plants  belonging  to  each  natural  order. 
General  principles  of  geographic  botany. 

Examination  for  Honours. 

Questions  at  the  discretion  of  the  examiner,  who  will  have  regard  to 
the  state  of  botanical  learning  in  the  country  and  the  means  of  acquiring 
information. 


Subject  XVZXX.— Prlnolples  of  Mining. 

The  Art  of  Mining  embraces  so  wide  a  field  of  study  that  equal  prac-^ 
tical  proficiency  in  its  various  branches  is  not  to  be  expected  from 
persons  engaged  in  difPerent  classes  of  mines,  nor  equal  knowledge  of 
Its  general  features  from  students  brought  ud  in  districts  where  only  one 
or  another  branch  of  the  subject  is  practised.  The  esramination  papers 
will  thenfore  contain  a  sufficient  variety  of  questions  to  suit  canoidates 
helonginff  to  eitiier  a  metalliferous  or  a  coal  (ustrict. 

The  subject  at  large  being  properly  an  art,  or  application  of  various 
branches  of  science,  and  one  in  which  every  question  will  admit  of 
various  dejprees  of  proficiency  being  shown  m  the  replies,  the  higher 
numbers  will  be  awarded  only  to  those  answers  which  exhibit  the  greater 
amount  of  completeness  and  accuracy.  Curt  and  vague  answers  will  be 
but  of  little  value,  and  exactness  will  be  expected  in  all  that  relates  to 
numbers,  prices,  weights,  and  measures. 

Those  who  wish  to  gain  a  genmd  knowledge  of  the  topics  for  exami- 
nation may  be  recommended  to  direct  their  attention  to  the  subjoined 
heads,  viz. : — 

I. — ^FoR  THE  First  Stage  or  Elementary  Course. 

1.  Geology  and  Mineralogy,  more  particularly  those  portions  of  the 
sciences  which  bear  on  the  following  subjects, — the  nature  and 
position  in  the  earth's  crust  of  the  useful  mineralfl,  the  classes  of 
rock  with  which  they  are  severally  associated,  the  special  character 
of  heaves,  throws,  troubles,  and  aU  kinds  of  dislocation;  the  par- 
ticular  differences  between  beds  and  lodes,  and  their  minerals,  and 
the  chief  features  of  irrefrular  repositories.  ^    ^  Google 
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2.  The  methods  of  prospecting  and  searching  at  surface  for  ores  and 
other  minerals. 

3.  Breaking  rock  by  manual  labour  alone ;  various  forms  of  pick,  and 
of  hammer  and  wedge  employed  for  the  purpose.  Use  of  gun* 
powder  and  other  explosives ;  precautions  to  be  observed  in  boring 
and  in  firing  shots. 

"4.  Depths  attained  b^  mines  and  bore  holes  in  various  cases.  Geo- 
ffraphical  distribution  of  the  chief  mmxng  districts* 

5.  Ventilation  of  mines,  why  important.  Composition  of  air,  carbonic 
add  gas,  and  fire-damp ;  how  the  latter  noxious  damps  occur,  and 
what  precautions  against  them  should  be  adopted,  either  for  a  tem- 
porary purpose  or  permanently.  Reasons  of  a  natural  circulation  of 
air  to  some  extent  oeing  observable  in  all  mines.  Various  applica- 
tions of  water  to  aid  ventilation.  Means  of  applying  heat,  or 
machines  for  the  same  purpose. 

6.  lighting  of  workings;  pnndple  and  construction  of  the  safety 
lamp, 

7.  Circumstances  under  which  water  enters  mines.  Working  of  ordi- 
nary punips ;  special  requirements  of  pumps  for  mines.  Mode  of 
applymg  human  or  horse  labour  to  the  winding  of  water  and  stuff 
or  minc^ ;  fixing  and  comparison  of  the  umt  of  work.  Water 
wheels  and  steam  engines,  variety  and  construction  of,  as  in  use  for 
mining  purposes. 

Cainage  or  conveyance  along  levels  and  inclines ;  barrows,  tram- 
plates,  rails,  tubs,  or  wi^ons. 
General  features  of  winding  in  shafts  by  machinery. 

8.  The  form  and  dimensions  of  shafts  applied  to  various  purposes; 
sinking,  and  precautions  against  acddent  from  falls  and  from  collapse 
of  sides. 

9.  Driving  of  levels,  drifts,  and  wind-roads ;  their  rate  of  inclination, 
breadth,  and  height  in  various  districts ;  methods  and  cost  of  arch- 
ing them,  and  of  timbering  or  wooding. 

10.  The  removal  or  exploitation  of  mineral  after  completion,  to  a  certun 
point,  of  dead  work;  stopes  and  pitches,  under  various  circum- 
stances. Pillar-working  at  various  deptiis,  and  other  forms  of 
extracting  coal  or  ironstone.  Main  considerations  of  siiSety  and 
economy  which  have  to  be  studied  in  adopting  a  particular  plan. 

11.  Means  of  securitv  to  be  adopted  in  shafts;  1st,  as  to  construction 
and  fixing  of  ladders ;  2nd,  as  to  rules  and  arrangements  where  the 
men  ride  instead  of  climbing. 

II. — For  the  Second  Stage  or  Advanced  Course. 

1.  Details  as  to  the  form  in  which  the  useful  minerals  are  accumulated ; 
stratified  deposits ;  alluvial  or  stream-works ;  lodes  and  their  various 
directions;  pipes  and  other  irregular  repositories.  Examples  of 
remarkable  localities;  true  sectional  drawings  or  profiles  to  be 
studied.  Examples  of  heaves,  and  alleged  laws  according  to  which 
they  have  taken  place.  Composition  and  physical  state  of  the 
containing  rock  or  "  country." 
f  2.  Exploring,  shoading,  and  costeaning.  Grounds  for  opinion  in  the 
re-opening  of  old  mines ;  preliminaiy  operations  in  virgin  districts. 

3.  Breaking  of  ground ;  the  various  implements  employed,  their  form, 
dimensions,  and  weight;  boring  for  shots;  the  various  modes  of 
firing  charges.  Heavy  charges,  how  calculated  and  fired;  rules  for 
ensuring  safety.   Drilling  and  coal-cutting  machines. 

4.  Deep  boring,  under  what  circumstances  applicable, — apparatus  for ; 
description  of  varieties  in  use ;  lining  of  bore-holes. 
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5.  Management  and  Bupervuion ;  paTtnent  of  men  employed  at  mines, 
at  Buijfaoe  and  underground,  varying  in  principle  with  the  difiPerent 
chuMes  of  operation ;  reasons  for  tut-work  or  piece-work,  and  tribute 
or  bing-tale  under  different  circumstances.  Calculations  for  cost  of 
drivings  sinking,  tramming,  &c. 

6.  Physical  principles  of  ventilation;  practice  of  mines  where  simple 
natural  ventilation  is  employed ;  ventilation  of  large  areas  and  of 
deep  or  complicated  workings  by  guiding  the  natural  current; 
artificial  means,  and  their  details,  for  promoting  ventilation.  Pre- 
cautions to  be  taken  under  specially  dangerous  conditions. 

7.  Illumination,  of  various  kinds,  their  economy ;  safety  lamps  in  all 
their  best  modifications ;  circumstances  under  which  they  should  be 
employed ;  precautions  in  their  use. 

8.  Mechanical  dividon  of  the  subject.  Strength  of  materials  used  in 
mines;  human  and  horse  power,  principles  and  construction  of 
machines  to  which  they  are  applied.  Hydraulic  machines;  con- 
struction of  the  water-wheels,  turbines,  and  pressure  engines  most 
suitable  to  the  various  operations  of  mining*  Steam  engines,  for 
pumping  and  for  winding;  arrangement  and  construction  of  the 
varieties  most  in  use.  Form  and  dimensions  of  boilers.  Pumps 
employed  in  mines,  mode  of  placing  them ;  construction  of  the  lifts ; 
materials  and  details  of  the  rods,  set-o£Ps,  counterbalances,  cisterns, 
and  catches.  Circumstances  under  which  dams  are  erected  in  shafts 
or  levels ;  mode  of  building  them. 

Tubbing  of  water  from  shafts;  conditions  under  which  it  may 
be  done ;  details  of  the  operation  with  various  materials,  wood,  brick, 
stone,  cast  and  wrought  iron. 

RaUs,  waggons,  and  tubs  for  under^und  conveyance ;  employ- 
ment of  horses  and  of  fixed  steam  engines  for  this  }>urpose. 

Raising  of  the  mineral  through  the  shafts ;  various  methods  in 
use;  chains,  ropes  (of  hemp  or  wire),  their  weight,  &c.  Details  of 
the  best  application  of  drums,  cages,  guides,  keeps,  and  safety  doors. 
Pulleys  and  shaft  frames  or  poppet  heads ;  protection  against  over- 
'  winding ;  safety  clutches,  &c.  m  case  of  breakage  of  rope. 

9.  Opening  of  ground;  quarries  and  open  work;  driving  of  levels^ 
various  dimensions  and  directions  according  to  circumstances; 
sinking  of  shaits,  inclined  or  perpendicular ;  advantages  of  either 
kind  under  certain  conditions ;  means  of  securing  levels  and  shafts 
by  timbCT  or  by  walling ;  details  of  the  various  methods.  Driving 
or  sinking  in  heavy  or  running  ground. 

10.  Working  excavations;  plan  of  laying  them  out,  and  means  of 
security  to  be  adopted  whilst  they  are  kept  open.  This  will  include 
the  stoping  of  metalliferous  veins,  and  tne  various  modifications  of 
post  and  stall,  long-work,  &c.,  which  are  applied  to  stratified 
deposits. 

11.  Travelling  in  shafts;  prevention  of  accidents  by  proper  fitting  and 
dividing ;  mode  of  placing  ladders  and  sollars ;  lifting  machme  for 
men,  construction  and  advantages  of. 

12.  Dressing  of  minerals.  Arrangement  of  dressing  floors.  Construc- 
tion of  crusher  and  stamps ;  washing  of  coal ;  jigging,  concentration^ 
and  separation  of  metafile  minerals. 

Examination  for  Honocbs. 

Questions  at  the  discretion  of  the  Examiner,  who  will  have  regard  to 
a  general  knowledge  of  mining  as  carried  on  in  this  and  other  countries, 
and  may  require  certificates  from  employers  as  to  practical  work. 
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vThe  student  may  be  advised  among  oUier  eouroes  of  infonnaitioii  Id 

consult  the  following  works : — 

De  la  Beohe'fi  Report  on  Cornwall  and  Devon.  IVoffessor  Phillips's 
Manual  of  Geology,  Wallace's  Lead  Veins  o/AUton  Moor,  Stanford, 
1861.  Green  well's  Treatise  on  MincEngineerinf.  Dunn  on  the 
IVinninff  -  and  Working  4jf  ColUeries.  Hedley  on  Collienf  WoHcmg 
and  Ventilation,  Smyth's  Rudimentarg  Coal  and  Coal  Mmng, 
Evidence  before  Committees  of  the  Houses  of  Lords  and  Commons 
on  Accidents  in  Mines.  Reports  of  H.M.  Inspectors  of  Coal  Mines. 
IVansactions  of  the  Northern  Institute  of  Minin|(  Ei^nneers.  Whit* 
ney's  Metallic  Wealth  of  the  United  States,  1854.  Burat's  GMogie 
Appliquie,    Cotta's  Die  Lekre  von  den  Erzlagerstdtten, 

Babjeot  SZX.— KeMliirnr. 

For  the  first  stage  or  elementary  course  the  student  will  be  expected 
to  answer  questions  under  the  following  heads,  exclusive  of  those  in 
italics. 

llie  second  siage  or  advanced  course  will  include  these.  The  student 
unll  also  be  required  to  make  sketches  and  name  unlabelled  specimens. 

For  honours  the  candidates  will  be  asked  questions  at  the  oiscretion  of 
the  Examiner,  who  will  have  regard  to  the  present  state  of  metallurgical 
science  as  carried  on  in  this  ang  other  countries. 

On  certain  Physical  Properties  of  Metals. 

Physical  State.  Action  of  Heat.  Specific  Gravity.  Crystalliaaiion. 
Varieties  of  Fracture.  Malleability.  Ductility.  Tenacity.  Toughness. 
Softness.  Elasticity.  Conduction  of  Heat  and  Electricity.  Capacity 
for  Heat.   Expansion  by  Heat.   Opacity.   Lustre.  Colour. 

Gtbneral  considerations  on  Metallurgical  Processes. 
GlawtlloatloB  of  Vrooeam. 

azplaaatloB  of  tbe  Terms. —  Ore,  "  native  "  veinstuff,  matrix  or 
gingue, "  dressing."  Reduction.  Reduction  by  Carbon.  Smdtinr. 
Flux  and  Slag.  Regulus.  Speise.  Roasting.  Distillation.  Sub* 
limation.  Liquation. 

Slogs,— Atomic  constitution  of  silicates.  Constitution.  External  cha- 
racters. Brittleness  and  toughness.  Colour.  Fusibility.  On  the  fusibility 
of  certain  compounds  not  containing  silica,  aluminates,  &c.  Sesquioxicfe 
of  iron  and  lime.  On  fluor  spar  as  a  flux.  Melting  points  of  silicates 
as  indicated  by  the  fusion  of  alloys  of  gold  and  platinum.  Supposed  sul- 
phosilicates. 

Fuel. 

On  the  calorific  power  of  fiieL  Berthier's  process  of  estimating  the 
calorific  power  of  fiiel.  On  the  calorific  intensity  of  fuel,  and  theoretical 
computation. 

Wood« — Kinds  of  wood  employed  as  fud.  Elementary  composition  of 
dry  wood.  Proportion  of  water  in  wood.  Specific  gravity  of  wood.  Pro- 
portion of  ashes  yielded  by  wood.  Approximate  comoosition  of  the 
ashes  of  wood.  On  the  rapidity  of  growth  of  wooa.  Weight  of 
wood.   Cutting  and  storing  of  wood  intended  as  fuel. 

9eat  or  Turf. — Specific  gravity  of  peat.  Composition  of  peat.^  Ap- 
proximate composition  of  the  ashes  of  peat.  Proximate  compositim  of 
peoi.    Extraction  and  desiccation  of  p^t.  • 
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^  CmL — ^Definition  of  ooal.  Ashes  of  coal.  Lignites.  Clarification  of 
U^^€9  aeeording  to  external  characters.  Approximate  composition  of 
glinites.  Bitnminons  coals.  Caking  coal.  Free  burning  coal.  Gumel 
coal.  Anthracite.  Hbrous  and  granular  matter  in  coals.  (Composition  of 
bituminous  coals  to  be  given  generally  and  approximately  for  each 
dass.  On  the  oeoumuce  of  certain  metals  in  peat  and  coals,  Frimy^s 
chemical  researches  on  combustible  minerals, 

€Btwwwl — Specific  heat  and  specifio  gravity  of  charcoal.  Proximate 
oomposfcion  of  caaieoaL  •  Various  modes  of  charcoal  burning.  Chaieoal' 
burning  in  piles  or  stacks.  Chinese  methods  of  charring  in  pits.  Yield 
of  diaitxMil.  Yield  by  volume.  Yield  by  weu^ht.  Influence  of  tem- 
perature upon  yield.  Theory  of  charcoal  Suminy  in  circular  and 
rectangular  piles.  Peat  charcoal  or  coke.  Carbonisation  hy  superheated 
steam, 

CNike. — Properties  of  coke.  Approximate  composition  of  coke.  Presence 
of  water  in  coke.  General  principles  concerning  the  preparation  of  coke. 
Coking  in  circular  piles  ana  in  long  piles  or  ridges.  Uoking  in  large 
open  rectangular  kilns.  Coke  ovens.  Cox's  cohe  oven.  Coke  oven  of 
tie  Brothers  Appolt,  Composition  of  the  waste  gases  of  coke  ovens. 
Economic  application  of  the  waste  gases  of  coke  ovens.  Davis'  BreesS' 
omen.  Mineral  qharcoal.  Coking  of  non-caking  coid  slack  by  admixture 
with  pitch.  Collection  of  products  of  economic  value  generated  during 
t\e  process  qf  coking.   Desulphurisation  of  coke. 

Cembiistlble  CkMoa. — Carbonic  oxide.   Hydrogen.  Hydrocarbons. 

Coupaciflon  of  fiiels  in  regard  to  calorific  po««r.  CaJorific  power 
eakuUftedfrom  ultimate  composition. 

Natural  Rbfbaotoby  Matsrials  bmploysd  in  ths  Construc- 
tion OF  Crucibles,  Retorts,  Furnaces,  &c. 

nre  GOaar*- — ^Approximate  composition.   Mode  of  testing. 

Craeible*. — ^Earthen  or  clay  crucibles.  Stourbridge  clay  crucibles, 
Cornish  crucibles,  London  TmciBles,  'Hessian  crucibles.  French  cruci- 
hies.  Belgian  crucibles,.  Graphite,  black-lead,  or  plumbago  crucibles. 
Lining  crudbles  with  carbon. 

-  Wmnayoamu   Sefttrom's  blast  furnace.   DeviUe's  blast  furnace. 

Tire  Brioks,  Ao. — Stourbridge  fire-brick.  Dinas  fire-brick.  Sand  and 
sandstones. 

COPPER. 

Colour.  Lustre.  Crystalline  system.  Malleability  and  ductility. 
Tenacity.  Specific  heat.  Linear  dilatation  by  heat.  Action  of  heat. 
Atomic  weight.  Action  of  oxygen.  Dioxide  of  copper.  Protoxide  of 
copper.  Dioxide  and  protoxide  of  copper  heated  with  sUica.  Borates 
of  aopper.  Disulphide  of  copper.  Disulphide  of  copper  heated  with 
access  of  air.  Theory  of  the  process  of  heating  disulphide  of  copper 
with  free  access  of  air,  or  roasting.  Disulphide  of  copper  heated  in 
admixture  with  dioxide,  protoxide,  or  sulphate  of  copper.  Dioxide  of 
copper  heated  with  protosulohide  of  iron  and  silica,  Disulphide  of  copper 
exposed  to  the  action  of  hydrogen  and  water  at  high  temperahures.  MetedUc 
copper  exposed  to  the  action  of  the  vapour  of  water  at  high  temperatures, 
Duulphide  of  copper  heated  with  carbon,  with  iron,  with  zinc,  with  lead, 
with  tin,  with  antimony.  Copper  heated  with  tersulphide  of  antimony, 
DisulpUde  of  copper  heated  with  nitre,  with  caustic  soda,  with  carbonate 
of  xoda,  with  baryta  or  limCy  with  cyanide  qf  potassium.  Copper  and 
dioxide  of  copper.  Copper  and  carbon.  Overpoled  copper.  Copper 
and  nitrogen.    Copper  and  phosphorus.   Copper  and  arsenic.  ^Copper 
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and  silicon.  Specific  gravity  of  copper.  Electric  eonducHvU^  of 
copper.    Influence  of  various  foreign  matters  on  electric  conductivity. 

Meaning  of  the  word  Standard. 

Orbs  of  Copper. 

Native  copper.  Red  oxide  of  copper.  Black  oxide  of  copper.  Green 
carbonate  of  copper  or  malachite.  Blue  carbonate  of  copper.  Vitreoufi 
or  grey  sulphide  of  copper.  Purple  copper  ore.  Copper  pyrites  or  yellow 
copper  ore.  True  grey  copper  ore  or  fanlerz.  Chiysocolla.  Atacamite. 
Copper  ores  of  Cornwall  and  Devon, 

CoppBR  Smelting. 
Zn  ReverDeratoiT  I'nniaeM. 

The  "Welsh  Process  of  Copper  Smelting. — Furnaces  emploved.  Calciner 
Melting  furnace.  On  the  reactions  which  occur  in  the  Welsh  process  of 
copper  smelting.  Calcination.  Composition  qf  the  aaseous  products 
which  escape  from  the  ore^alciner.  Melting  of  the  calcined  ore. 
External  diazacters  of  coarse  metal.  Coniposition  of  coarse  metaL 
External  characters  of  ore-furnace  slag.  Composition  of  the  ore- 
furnace  slag.  Specific  gravity  of  the  coarse  metal  and  ore-furnace  slag. 
Calcination  of  the  granulated  coarse  metal.  Melting  of  calcined  gran- 
ulated coarse  metaL  White  metal.  *  Slag.  Blue  metal.  Slag.  Moss- 
copper.  Roasting.  Blister-copper.  Roaster^slag.  Best  selectM  process. 
Renning. 

On  the  Elimination  of  the  following  Foreign  Metals  during  the  Welsh 
Process  of  Copper  Smelting. — Arsenic,  antimony,  tin,mckel,  cobalt,  gold, 
and  silver. 

Various  proposed  improvements  in  Copper  Smelting  Furnaces,  Najfier^s 
process.  Method  of  smelting  proposM  by  MM.  Bivot  and  PkUl^. 
Smelting  rich  copper  slags  in  a  blast  furnace^ 

Zn  BUuit  rumaoes. 

Copper  smelting  in  Japan.  Copper  smelting  in  Sweden. — Ore-fdmace. 
Black  copper  furnace.  Refining-hearth.  Roasting  or  calcination. 
Fusion  of  tne  roasted  ore.  Roasting  of  the  regulus  from  the  last  opera- 
tion. Fusion  for  black  copper.  Refining.  Toughening.  Copper 
rain.  Loss  in  smelting.  Smelting  of  copper  schist  in  Prussian  Saxony. 
Copper  smelting  in  Perm  in  Russia.  Cupriferous  pig  iron.  Theory  qf  the 
process.  Kernel-roasting  at  Agordo. — Con^osition  of  the  ore.  Roasting, 
Styrian  kilns.  Mode  of  charging.  Changes  whicn  the  ore  undergoes 
during  roasting.    Theory  of  the  process. 

Wet  methods  of  extracting  copper. 

Precipitation  of  copper  from  solution  by  iron.  Banhart*s  process.  Wet 
process  by  M.  Escalle.    Hdhner^s  patent. 

Assaying  qf  copper  ores  by  dry  and  wet  methods.  Comparative  results 
by  Cornish  and  wet  methods. 

Loss  of  copper.   Impurities  ooeurring  in  commercial  copper. 

ZINC  OR  SPELTER. 

Physical  and  chemical  properties  of  zinc.  Atomic  weight.  Action  of 
oxygen.  Oxide  of  zinc.  Action  of  water  on  zinc.  Reduction  of  oxide 
of  zinc  by  carbon  and  carbonic  oxide.   Reduction  by  hydrogen. 

Silicate  of  sine.  Reduction  by  carbon.. 
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(hide  of  zme  heated  with  barade  acidm 

Sulphide  of  zmc.  Heated  with  access  of  air^  with  oxide  of  zinc,  with 
earbom,  with  varionu  metals,  tn  the  vapenir  of  water,  with  carbonic  acid, 
with  nitre  or  nitrate  of  8oda»  with  carbonate  of  potass  or  soda^  with  lime. 

Zinc  and  phosphonis.   Zinc  and  arsenic. 

Orbs  of  Zinc. 
Calamine.   Electric  calamine.  Blende. 

Mbthods  or  ExTRACTiKo  Zinc* 

Bttglish  Proeeee. — Roasting  or  calcination  of  the  blende.  Pots  and 
eondensimg  Utbes,  Reduction  house.  Mode  of  making  the  pots.  Mode  of 
charging  the  pots,  and  management  of  the  furnace.  Treatment  of  the 
rough  sine. 

Sileaian  Process. — Retorts  and  appendaf^es.  Clay  nozzles  or  con- 
densers. Laffgins  or  stoppers.  Iron  appendages.  iJescription  of  the 
fomace.    Ccuaner.  Dismlation  of  zinc.   Melting  of  distilled  zinc 

Belgian  Process. — Retorts  and  appendages.  Description  of  the  ftimace 

Corinthian  Method. 

Zine  fume.  Monteflori  furnace.   Foreign  matter  in  commercial  cine* 
Proposed  in^ftrovements  in  the  extraction  of  zinc. 
Methods  of  assaying  Ores  of  Zine. 

Brass. 

Definition.  Malleability.  Process  of  stamping.  Dead-dipping. 
Physical  propertiea  of  various  alloys  of  copper  ana  zinc. 

Preparation  of  Brass. — Manufacture  of  calamine  brass.*  Direct  pre- 
paration of  brass.  Muntz's  metal.  Defects  occurring  in  brass.  Colouring 
and  lacquering. 

IRON. 

Vligraioal  Vroperttea  of  Iron. 

CiTstalline  system.  Magnetism.  Tenacity  or  tensile  strength. 
Specific  heat.  nUatation  by  Heat.  Action  of  heat.  Welding.  "  Burnt 
Livn."  Crystalline  and  fibrous  iron.  Effect  of  cold  hammering  upon 
iron. 

OlMmloal  Vropaitlea  of  Zron. 

Atomic  weight. 

Iron  ttad  Oxsrvan. 

Protoxide  of  iron.  Ses^uiozide  or  red  oxide  of  iron.  Hydrated 
sesquiozide  of  iron.  Sesqutoxide  of  iron  and  lime.  Magnetic  oxide  of 
ircm.   Iron  scale,  or  hammer  slag.  Fhric  Acid. 

Xroa  bmA  WMer. 

Reservation  of  iron  from  rust. 

XroB  And  SvlpUvr. 

Disulpldde  of  iron.  Protosulphide  of  iron,  exposed  to  the  action  of 
vapour  of  water  at  a  high  temperature,  Protosulphide  of  iron  heated  with 
carbon,  with  sesquioxide  qf  iron,  with  sulphate  of  protoxide  orsesauioxidem 
of  iron,  with  protoxide  of  lead,  with  other  metaUw  sulphides,  with  siUea, 
with  siMca  and  carbon.  Sesquisulphide  of  iron.  Bisulphide  of  iron,  or 
iRmpyrilee.  Magnetic  pyrites.  Sulphate  of  protoxide  of  iron,  coppera*. 
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or  green  vitriol.  Neutral  terstdphate  cr  se^quhmde  qf  iron.  Sulphides  of 
iron  roasted  with  access  of  air. 

ZroB  and  Witrofen* 

Results  of  experiments.   Passivity  of  iron, 

XroB  and  VHosplionuk 

Phosphides  of  iron.  On  the  action  of  carbon  on  iron  containing  phoS' 
phorus.  Phosphate  of  protoxide  of  iro^.  Phosphate  of  seaauioxide  of 
iron.  On  the  action  of  iron  at  a  high  temperature  upon  phosphate  of  lime 
in  the  presence  of  carbon.  Ditto  in  the  presence  of  carbon  and  free  silica. 
On  the  action  (^phosphorus  on  iron  containing  sulphur,. 

Iron  and  Arsenic, 
Case-hardening  of  iron  or  steel  by  arsenic, 

StUeon.  •  « 

Silicon  and  nitrogen, 

MCangaaase  and  SUlooa. 
ZroB  aad  BUiooB. 

Reduction  of  silica  by  carbon  in  the  presence,  of  oxide  of  iron  and 
other  bases.  Protoxide  of  iron  and  silica.  Reduction  of  si]icate\<9f 
protoxide  of  iron  by  carbon.  Silicate  of  sesquioxide  of  iron,  tribamc 
silicate  of  protoxide  of  iron  heated  with  access  of  air,  Idquation  of 
silicate  of  protoxide  of  iron  containing  pho^horus. 

Iron  and  Boron, 

Protoxide  of  iron  and  boracic  acid,  Sesquioxide  of  iron  and  bor^tcic 
acid, 

XroB  aad  CarlKm. 

Modes  of  effecting  the  combination  of  carbon  with  iron.  Cementa- 
tion, Action  of  carbonic  oxide  upon  iron.  Action  of  solid  carbon  upon 
iron.  In  an  atmosphere  of  carbonic  oxide.  In  an  atmosphere  of  hydrogen. 
Amount  of  carbon  in  iroii.  Maximum  amount  of  carbon  capable  of 
being  taken  up  by  pure  iron.  Iron,  manganese,  and  carbon.  Modes  of 
existence  of  carbon  in  iron,  jjrrey,  white,  and  mottled  cast  iron.  Chill- 
casting.  Spieffeleisen,  or  specular  cast  iron.  Action  of  siHcon  on  iron 
containing  carbon.  Action  of  suh)hur  on  iron  containing  carbon.-  Ah- 
straction  of  silicon  from  cast  iron  by  fusion  with  sesquioxide  of  iron  alone, 
and  with  the  addition  of  manganese.  Carbonate  of  protoxide  of  iron. 
Action  of  dilute  sulphuric  or  hydrochloric  acid  on  white  and  grey  cast 
iron.   Action  of  sea  water  on  cast  iron. 

Alloys  of  Ibon. 
Iron  and  copper.  Iron  and  zinc.  Prooeas  of  zincing  or  gaivanisiiig 
iron.  Iron,  copper,  and  zinc.  Keir's  patent.  Aich-^tal.  Sterro^tal, 
Iron  and  manganese.  Iron  and  tin.  Hardening  the  tops  of  rails  with 
tin.  SHrting's  patent.  Action  of  tin  oncost  iron.  Iron  and  tUanium. 
Iron  and  lead.  Iron  and  antimony.  Iron  and  bismuth.  Iron  and 
mckel.  Iron  and  cobalt,  hon  and  mercury.  Iron  and  silver.  Iron 
and  gold.  Iron  and  platinum.  Iron  and  rhodium.  Iron  and  alumimum. 
Iron  and  chromtum.    Iron  and  tungsten. 

Ores  dp  Ikon. 

Magnetic  oxide  of  iron»  magnetite.  Franklinite,  Red  hasmatit^  Md 
or^  anhydrous  sesquioxide  of  iron.  Brown  hasiiMititej  bzowa  ixQn^, 
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or  lijditttod  sesquioxide  of  iron.  Spathic  carbonate^  or  sparry  iron  ore. 
Argflladous  iron  ores,  clay  or  dayband  ironstones. 

AsutjfWff  of  iron  ores  by  dry  and  wet  methods » 

Direct  Extraction  of  Iron  in  thb  Mallxable  Statb  from 

THB  Orb. 

iron  Smelfog  in  Indi%  Biiniia»  Borneo,  Afinoai,  and  Madagasean 

Catalan  Process. — ^Trompe,  or  blowing  machine.  Its  advantages 
and  disadvantages.  Water  wheel,  hammer,  and  anvil.  TTteory  qf  the 
process.  Conditions  affecting  the  quality  of  the  iron  produced  in  the 
Catalan  fwmace.  Characters  of  the  iron  produced. 

The  Osmond  Jvrmaes,  StOckhofen  of  High  Bloomfixy  Fnrnaoe.  Clafs 
process,   Renton^s  process.    Chenofs  process. 

Ikdirbct  Extraction  of  Iron  in  thb  Statb  of  Cast  Iron 
FROM  THB  Orb. 

Ckemitiai phenomena  the  modem  blastfurnace.  ^Description  of  the 
blast  fbmaoe.  Foundation.  Hearth.  Twyer  openings.  Twyer.  Tunnel 
head.  Bracing.  Blast  main.  Blast  pipes.   Blast  engines.  Cinder,  tubis. 

Swedish  charcoal  blast  furnace : — Mine  kiln.  Pressure  of  the  blast. 
Temperature  of  the  blast.  Iron  ores  employed.  Most  important  iron 
mines  in  Sweden.    Smelting  of  lake  and  bog  iron  ores  in  Sweden. 

Hot  Blast — ^NeiLson's  peitent.  When  first  put  into  operation.  Appa- 
ratus for  heating  the  blast.  Neilson's  first  apparatus.  Cast-iron  tuMar 
oven*  Sjphon  pipe  oven.  Box-foot  pipe  oven.  Spiral  pipe  oven.  Pipe-* 
within-pwe  oven.  Gas  oven.  Round  or  oval  oven.  Theory  qf  the  hot 
blast.   Saving  of  fuel.  Water-twyers. 

The  Gases  of  Iron-smelting  Blast  Furnaces. — Composition  of  the  gues 
of  the  Furnace.  Production  of  cyanogen  in  the  blast  furnace.  Tern- 
peratmre  qfihe  blastfurnace  at  different  depths.  Utilization  of  the  gases 
escaping  from  blast  furnaces.  "  The  waste  gas."  Modes  of  taking  oft 
the  gases  with  open-mouthed  furnaces.  Ditto  with  dose-mouthed 
fdmalDes.    Solid  matter  carried  over  with  the  waste  gas. 

On  the  best  form  of  the  blast  furnace.  Decrease  in  volume  which  the 
materials  undergo  during  their  descent.  Elliptical  furnace.  Rectangular 
or  Rochette furnace.  Blowing  in  a  blast  furnace.  Tapping.  Sand-bed  for 
casting.  Derangements  in  the  working,  scaffolding,  and  slips.  Loss  of 
iron  in  the  slag.  Indications  afforded  by  colour  of  slags.  Spontaneous 
disintegration.  Potash  in  slags.  Accidental  products  of  blast  furnaces. 
Silica.  Fktmace  cadmia  or  ceuamine.  Cyanonttride  of  titanium.  Graphite 
or  hish.  Reduction  of  phosphoric  add  in  the  blast  furnace,  and  passgae 
of  the  phosphorus  into  the  pig  iron.  Economical  appliostion  of  blast 
f^imaoe  slass.  Effects  of  kmg  continned  heat  upon  sanMone  in  the  hearth 
hcitom.  Atbstitution  of  Ume  for  limestone  as  a  flux.  Application  of 
dUoride  qf  sodium,  ^cplosions  in  blast  fomaoes.  Poisoning  by  gas 
aoddentally  escaping  from  blast  furnaces.  Yields  of  blast  furnaces. 

Various  Kinds  of  Pig  Iron. 

Spie^deisen.  Pig  iron  made  from  magnetic  iron  ore.  Do.  from  red 
hsematite.  Do,  from  brown  hematite.  Pig  iron  produced  exclusively  from 
Northamptonshire  ore.  Do.  wholly  or  cmefly  from  argillaceous  iron  ore 
of  the  coal  measures.  Yorkshire.  Derbyshire.  South  Staffordshire. 
'Nortk  ^ufordsMre.  South  Wales.  Do.  from.  Cleveland  ore.  TOont- 
favnspig  tron.  .  . .  -  - 
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On  the  Production  op  Malleable  Iron  from  Cast  Ittov. 
South  Welsh  process.   The  hollow  fire. 

Swedish  Lancashire  Hearth.  Walloon  process,  us  conducted  in  Sweden. 
Corinthian  process.  SWs  or  cinders  produced  in  finery  processes. 

Running  out  fire  orrefineiy.  Composition  of  refined  uron ;  do.  refinery 
slags  or  cinders. 

puddling.  Puddling  fornaoe.  Invention  of  iron  bottoms ;  manipu- 
Ifttion;  theory  of  the  process;  composition  of  tap  cinder;  invention 
of  the  boiling  process ;  double  puddling  furnaces. 

Mechanical  puddling.  Application  of  waste  blast  furnace  gas  to 
puddling,  Siemens*  gas  puddling  furnace.  Princifle  of  the  furnace, 
ne  gas  producers.  Construction,  Puddling  vnth  dried  wood.  Stamping 
and  assorting  puddled  balls.  Utilisatum  of  the  waste  heat  of  pudaUng 
furnaces. 

Working  op  the  Ball.  : 

Forge  hammers. — Tilt  hammers.  Helves  or  lift  hammers.  Steam 
forge  hammers, — Nasm^th*s.  Condie's. 

Squeezers. — Crocodile.  Horizontal  rotaiy.  Vertical  rotary.  Biwwi'* 
shingling  machine.  Puddling  or  puddle  rolls.  Composition  of  puddled 
bars. 

Working  op  the  Puddled  Bar  into  Merchant  or  Finished 

Iron. 

Reheating  furnace.  With  coal  as  fuel.  With  gaseous  fuel,  or  'gas- 
welding  furnace. 

Piling.  Accidents  in  roUing  mills.  Yield  of  puddled  and  finished 
iron.  Manufacture  of  rails.  Composition  of  the  cinder  from  the  re- 
heating  Jumace, 

Varieties  of  Sheet  Iron  and  Slit  Rods. 

Tin  plates.  Charcoal  plates.  Coke  plates.  Belgum  sheets,  RMSsian 
sheets.   Slit  rods. 

Special  Qualities  op  Iron. 

South  Yorkshire.  Process  of  manufacture  at  Lowmoor,  Bowling,  and 
Famley.  South  Staffordshire.  Swedish  iron.  Dannemora.  Russian 
iron.  Boat  plates.  Armour  plates :  rolled;  hammered.  Mending  broken 
rolls. 

Steel. 

Production  op  Steel  by  the  Addition  op  Carbon  to 
Malleable  Iron. 

In  the  direct  reduction  of  iron  ores  at  one  operation.  In  the  Catalan 
process.   In  crucibles.   In  converting  fiimaces. 

Carburization  of  iron  as  a  distinct  process.  Carburization  of  pul- 
verulent iron.  Chenofs process,.  Carburization  of  bar  iron.  Convearting 
furnace.    Carburization  by  gaseous  compounds  of  carbon, 

Carburization  bv  fusing  compact  iron  with  carbonaceous  matter. 
Hindoo  process,    Vyootz.  Mushes  steel, 

I^Pboduction  op  Steel  by  the  partial  Decarburization  op 

Cast  Iron. 

Production  of  steel  by  fusing  in  hearths.   Production  of  steel  by  pudd* 
Mm,    Composition  of  puddled  steel.    Uehatius  process.  Partial 
carburization  of  pig  iron  by  cementation* 
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Production  of  Stbsl  bt  Fvaiqn  op  Pio  Iron  with 
Mallsablb  Iron. 
Immersion  of  malleable  iron  in  molten  cast  iron. 

Production  op.  Stbkl  ay  Blowing  Atmospheric  Air  throvgh 
MoLTBN  Pio  Iron. 

Bessemer  process.   DeaeriptkiB  of  the  apparatus. 
"Parrfs  process  of  manufacturing  iron  and  steeL 

Casting  op  Strkl. 
Furnace^  and  crucibles.   Fusion  of  steel  in  the  reverberatoiy  furnace. 
The  addition  of  manganese  in  the  casting  qf  'steeh 

Manipulation  op  Stbbl.  . 

Hardening  and  temperiiiff  steel.  MetalUe  baths  for  the  nse  qf  working 
cutlers.  Theory  of  hardenmg  and  tempering  <6teel.  Hammering  steel. 
Welding  steel.  Shear  steel.  Casting  steel  on  wrought  iron,  llamas- 
keening, 

Perwuuunt  expansion  of  cast  iron  iy  exposure  to  long  continued  heat 
at  or  above  redness.   Dilatation  of  cast  iron  by  heatt 

LEAD. 
VlijrBloal  9s  ti|iMftlMa 

Dilatation  by  heai*   Conductivity  for  heat  and  electricity, 

ObMDioal  Prwi^MtlM. 

Action  of  heat.  Autogenous  soldering.  Action  of  air  upon  lead. 
Action  of  water  upon  lead.  Action  of  carbonic  acid  upon  lead.  Action 
ofdioMe  of  copper  upon  lead.  Action  of  acids  upon  lead, 

SMd  and  OxjTfwa. 

Protoxide  of  lead.  Mode  of  formation  hj  dry  and  wet  methods. 
PhTsicBl  characters  of  massicot  and  litha^.  Action  of  heat.  Action  of 
carbon.  Action  qf  hydrogen.  Action  qf  carbonic  oxide.  Fusibility  with 
metallic  oxides.  Action  of  metals  upon. 

Dioxide  qf  lead, 

Binoxide  of  lead.   Mode  of  formation. 
Sesauioxide  of  lead. 

Red  lead.   Process  of  manu&cture.  Physical  and  chemical  properties* 
Action  of  heat.  Action  of  acids, 

&ead  and  SolpUvr. 

Sulphide  of  lead.  Physical  and  chemical  properties.  Action  of  heat 
and  air  upon  sulphide  of  lead.  In  the  presence  of  iron  pyntes.  In  the 
presence  of  blenae.  Action  qf  hydrogen  upon  sulphide  of  lead.  Action  of 
steauL  Action  of  protoxide  of  lead.  Action  or  silicates  of  protoxide  of 
kad.  Action  of  alkalies.  Action  of  carbonate  of  soda.  Action  of  cyanida 
of  potassium.  Action  of  alkalies  and  alkaline  carbonates  and  carbon. 
Action  o{  lime  and  carbon.  Action  of  peroxide  of  iron  and  carbon. 
Action  of  nitrate  of  potash.  Action  of  chloride  of  sodium.  Action  of 
iron.  Action  of  tin.  Action  of  copfer.  Combination  of  sulphide  of 
lead  with  other  sulphides.   Subsulphtdes  of  lead. 

Sulphate  of  kad.  Physical  and  chetnieal  proi)erties.  Action  of  heat. 
Action  of  carbon  upon  sulphate  of  lead.  Action  of  iron.  Acti<m  of 
lend.  Action  of  protoxide  of  lead.  Action  of  svdphide  of  lead.  Action 
qfdUorideqfleaa,  Action  of  silica.  Action  of  lim^  Action  of  cAjoride 
[^sodmnu  Action  of  cyanide  of  potassium.  Sulphate  qf  lead  and  fiuor 
epofm 
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.  .  SMA  sad  VMsplimnw. 

Phospliide  of  lead.  Phospliates  of  lead. 

Aettd  and  Anenie. 

Action  of  anenious  add  on  lead.  Aneniate  of  lead. 

S«ad  Md  MIlooB. 

Silicates  of  Protoxide  of  lead.  Methods  of  fbrmataon.  Fusibility. 
Action  of  carbon.  Action  of  sulphp.  Aetion  of  tuhkide  of  tro». 
Action  of  iron.  Action  of  lime^  Action  of  Ume  and  carbon.  Action  of 
peroxide  of  iron  and  carbon.  Silicates  of  protoxide  of  lead  and  potod^ 
Silicates  of  protoxide  of  lead  and  Ume.  Silicates  of  protoxide  ^  kad^ 
lime,  and  alumina. 

Lead  and  Bmnm. 
"  Borates  of  protoxide  of  lead. 

Lead  and  CarlMMi. 

Carbonate  of  lead.  White  lead.  Action  of  heat. 

Alloys  o^' Lead. 

Lead  and  antimony.  Lead  and  ^inc.  Lead  and  copper.  Lead  and 
iron.  Lead  and  merewfi   Lead  and  ffold»   Lead  and  silver. 

Orbs  op  Lbad. 

Physical  character  and  chemical  composition.  Galena  or  sulphide  of 
lead.  Minerals  occurring  with  galena,  Cerusite,  or  carbonate  of  protoxide 
of  lead.  Aziglesite  or  sulphate  of  protoxide  of  lead.  Pyromorphite  or 
^h^phate  oi  protoxide  of.  lead,  Jdimstiaita  or  arseniate  of  protoxide  of 

Methods  of  assaying  of  Lead  Ores* 

Extraction  of  Lead  from  trb  Orb. 
Zn  Air  Tanm/avn. 

Old  English  process.   Penman  process,   Spanish  process,  - 

Xb  Blast  FaraaiMa. 

Hindoo  p^'ocess. 

Ore  hrarth. — Construction  of  the  furnaces.  Method  of  working. 
Nature  of  the  products.  Chemical  composition  of  the  products,  ChenU' 
eal  reactions  which  occur  in  the  process, 

American  ore  hearth, — Peculiarity,  Advantages. 

German  method  with  iron,  or  "  precipitation  process." — Description  of 
furnaces.  Mode  of  working.  Nature  of  the  products.  Chemical  com^ 
'position  of  the  products.  Chemical  principles  invoiced.  Composition  qf 
fead  speise.    Smelting  of  reg^ulus. 

German  method  with  siHcate  of  protoxide  of  iron^  or  iron  refinery 
slags. 

In  BeTerlmatory  Fimiaoas. 

'  Doliyshire  to&ace. — ^Plpocess.  Description  of  the  fbmace.  Natoie 
and  composition  of  the  products.   Chemical  reactions  involved, 

Flintsnire  fiumace.~JProcess.   Peeuliorities.   Nature  of  the  products. 
Vhea^  eomposUion  ftf  the  produets.   Chewdcal  rtacti9n$  whsck 
Action  qf  Ume. 
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Gomuh  prooeBS. — Detcriptwn  of  ^oaloner/^  and  of  ''flowing  hit* 
naoes.''  Natoie  of  the  products.  Chemkal  eampoiiiiom  of  prodtietM* 
Actum  qf  Iron. 

Bleibaff  prooefli.—- Pecnliarities  of  the  nrocm.  Character  of  ftanaoe; 
Method  working.  Nature  of  the  proaucts.  Chmietil  compotUum  of 
pnAuti.  M9d^icatkm»  of  prooess. 

Smkltino  or  Lead  Slags. 

Slag  hearth. — Description  of  furnace.   Mode  of  working.  .  Cos^ps^ 
A/icw  oforoduets.    Chemical  reactiotu, 

'  Spaidsn  ahr  heirth.^Deseription  of  fdmaoe.  Mode  of  tmking. 
Hiteeof  proinnts.  €kmmeal  eompotfticm  of  products^  - 

•mAltIng  of Xead  Vom. 
BedmttoB  of  Uttavge. 
■ofMwstng  of  MmHi  M^mmO* 
BnaettlBg  eC  SslpluiM  eC  Vroifeosidie  of  JSmMI  Ove*  ■ 

CowqtosUum  of  the  products. 

Extraction  of  Silvbr  from  Lkad. 

Psttinsoa's  process. — Theory  of  the  prooete.  Methods  of  wotknig. 
Description  of  the  apparatus.  Mechanical  appliances.  Limit  of  conoeii- 
traOom.   Effect  of  foreign  metals. 

Parkes*  process. — ^Methods  of  working.   Principles  tmudoed. 

£nglirii  praoesa  of  cupellation. — Gonalmction  of  fiimaoe.  Mode  of 
conducting  the  process.  Nature  of  the  products.  Chemical  compost' 
tiom  of  the  products.    Chemical  reactions.. 

Gennan  process  of  cupellation  (abtreiben). — Description  of  furnace. 
Mode  of  conducting  the  process.  Nature  of  the  proaucts.  Chemical 
composition  ^fprodncts.  ,  ; 

mellning  of  aUekaUber." 

In  open  test.   Under  a  muffle. 

App«imtiia  Itor  ooBdeaaliig  &ead  Vwne. 

Pliysical  properties  and.eAeiins«/  compotifioii  of  lead  fame.  * 

Vluietlea  of  &ead  ia  9oiiimeroe. 

Impiiiitifls  oocuiring  in  lead.   Methods  qf  testing  Jtr  metals  prssfmt  ta 
lead. 

SILVER. 

Vlijraloal  Vropeitlea. 

Dilatation  hg  heat*   Condnctivitg  for  heat  and  electriciig.  Specie 
heat. 

Clieinieal  Vroportlee* 

Action  of  heat.  Action  of  heat  and  air.  Action  of  nitre.  Action  qf 
chloride  of  sodium.  Action  of  oxide  of  copper.  Action  of  protoxide  of 
Ittid.  Action  of  sulphate  ofprotomde  of  copper.   Action  of  acids.  * 

Stiver  ttad  Osargen. 

Protoxide  of  silver.  Pfaysiealaad  chemical  pioperties.  Methods  of 
producing.   Action  of  heat.  Action  of  carbon.  Action  qf  chMma, 

mikww  and  ShtlpUvr. 

Sulphide  of  silver.  Physical  and  ohemioal  nn^perties.  Modes  of  for- 
mation. Action  of  heat  Action  of  heat  and  air.  Action  of  hi«t  and 
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flir  in  the  presence  of  iron  pyrites,  copper  pyrites,  disulphide  of  copper, 
blende^  and  galena*  Action  of  kydropen.  Action  of  steam.  Action  of 
acids.  Action  of  nitre.  Action  of  iron.  Action  of  lead.  Action  of 
copper.  Action  of  mercury.  Combination  with  otiier  sulphides.  "  Oxi- 
dized  silver  "  process. 

Sulphate  of  protoxide  of  silver.  Physical  and  chemical  properties. 
Mode  of  producmg  action  of  heat.  Action  of  chloride  of  sodium.  Mode 
of  foimation  of  compound  of  sulphide  and  sulphate  of  silver.  Solubilittf 
in  water. 

Sulphite  of  silver. 

Hyposulphite  of  silver.  Method  of  preparation.  Action  of  hfdro» 
chloric  acia  upon.  Action  of  hyposulphite  of  soda  on  chloride  of  sihrer. 

BUvw  and  Witroff«ii. 

Nitrate  of  protoxide  of  silver.  Physical  and  chemical  properties. 
Action  of  heat.  Method  of  separation  from  nitrate  of  protoxide  of 
copper.  Action  qf  carbon  and  phosphorus  upon  solutions  of 

BHvw  and  ClUorlne. 

Chloride  of  silver.  Physical  and  chemical  properties.  Methods  of 
.formation  by  dry  and  wet  processes.  Methods  of  reduction  hv  car- 
bonate of  soday  by  carbonate  of  lime,  by  zinc  Action  of  hyirogen. 
Action  of  acids.  Action  of  chloride  of  sodium.  Action  of  cyamde  of 
potassium.  Action  of  iron.  Action  of  lead.  Action  of  copper,  tin, 
antimony,  arsenic,  mercury.  Action  of  sulphur.  Action  of  metallic  flul- 
jphides.  Action  of  protoxide  of  lead. 

Silver  and  bromine. 
Silver  and  iodine. 
Silver  and  Phosphorus. 
Silver  Arsenic* 

Alloys  of 'Silver. 

Silver  and  lead.  Silver  and  copper.  Silver  and  mercury.  Silver  and 
gold.   Silver  and  sine.   Silver  ana  palladium.   Silver  ana  antimony. 

Outs  OP  Silver. 

Physical  and  chemical  characters.  Native  silver.  Silver  ^^lance  or 
sulpmde  of  silver.  Sulphide  of  silver  and  copper.  Antimomal  silver. 
Ruby  silver  or  sulphide  of  silver  and  antimony.  Brittle  silver  glsAoe. 
Sulphide  of  silver  and  arsenic.  Polybasite.  Sulphide  of  diver,  anti- 
mony, and  lead.  Horn  silver  or  chloride  of  silver.  Bronude  of  silver, 
lodije  of  silver.   Metalliferous  minerals  containing  silver. 

Methods  of  Extraction. 

Sztraotton  of  Sliver  from  ArgentUterotLu  Copper. 

Liquation  process,  or Saigerarbeit." — Description  of  furnace.  Mode 
of  operation.   Natmre  of  the  products.    Chemical  principles  involved. 

SKtraotloB  of  Silver  ftom  ttte  Ore. 

Mexican  amalgamation  process.— Apparatus  employed.  Materials 
used.  Method  of  working.  Specialties  of  the  process.  Nature  of  the 
products.  Chemical  principles  involved.  Working  of  the  silver  amalgam^ 
Application  of  copper  amalgam.  Loss  qf  siher  tit  the  process.  Chhride 
of  Sliver  process. 
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Fieibm  amalgamation  process. — Description  of  furnaces  and  appa* 
ratns.  Mode  of  working.  Chemical  principles  involved.  Composition 
of  silver  amalgam.    Method  of  separating  the  silver  from  the  amalgam. 

Ajnalgamation  qf  argentiferous  speise. 

Amalgamation  of  argentiferous  copper  regulus. 


I  of  saver  flrom  JkrgmaMXwwn  Begiiliia. 

Zierrogel's  prooesa. — Description  of  the  furnaces  and  apparatus  em- 
ployed. Method  of  operation.  Specialties  of  the  process.  Nature  of 
the  products.    Chemical  reactions  involved  in  the  various  operations. 

Attgustin's  process. — Description  of  the  process.    Chemical  principles 


Yon  Patera's  method. — ^Apparatus  used.  Materials  employed.  Pro- 
ducts ohtained.    Chemical  reactions  in  the  process. 

SsMotlOB  of  Silver  from  Ore  b j  meaHa  of  Xtead. 

Pomaces  used.  Method  of  working.  Nature  of  the  products.  Chemi* 
eai  con^^osition  qf  the  products.   Chemical  reactions  involved. 

Assaying  of  ores  and  alloys  of  silver  by  the  dry  and  wet  methods. 


\  of  VlMlaff  or  SUveHag. 

Old  methods.  On  copper.  On  steel.  Method  of  silyering  without 
the  use  of  "  batteries.''   Stripping  qf  silver  plate. 

▼•rifltlM  oTSUvor  la  Oommeroo. 

Metals  oocmring  in  silver.  Methods  of  testing  silver  for  foreign 
metals. 

GOLD. 
Vlijraleal  Vropertlea. 

Dilatation  by  heat.    Conductivity  for  heat  and  electricity. 


Action  of  heat. 

Oold  and  Oxys^m 

Protoxide  of  gold.  Physical  properties.  Modeofpr^aration.  Action 
of  hydrochloric  acid. 

Terojdde  of  gold.   Physical  and  chemical  properties. 


IVotosulphide  of  gold.   Methods  of  formation.    Physical  characters. 

IVreulplude  of  gold.  Mode  of  producing.  Physical  characters.  Ac- 
tion of  neat.  Action  of  chlorine.  Action  of  hyposulphite  qf  soda. 
Action  qf  potash. 

Gold  and  phosphorus. 
Methods  of  combination.  Physical  characters.   Action  of  heat. 
Chid  and  arsenic^ 

Ck»ld  and  Clilorliie. 

Protoehloride  of  gold. 

Tefchloride  of  gold.  Methods  of  formation.  Action  of  oxalic  acid« 
of  sulphate  of  protoxide  of  iron,  of  terehloride  of  antimony  and  qf  chloride 
qfarsenie  on  solutions  of  chloride  of  gold. 

Pttparatvm  of  purple  qf  Cassius,   Method  qf  colouring   ruby  glass.** 
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Allots  op  Gold. 

Gold  and  Copper.  Oold  and  zinc.  Gold  and  silver.  Gold  and  lead. 
Chid  and  tin.  Gold  and  antimony.  Gold  and  iridium.  Gold  and 
platinum.  Oold  and  palladium,  Gold^  copper^  and  zmc.  Gold, 
silver,  and  copper. 

Use  qf  the  touchetone.    Terms  "  standard  "  and  "  carat,** 

Ores  op  Gold. 

Native  gold.  Physical  character.  Chemical  composition.  Various 
metalliferous  minerals  containing  gold.  Auriferous  quartz. 

Methods  op  Extraction. 
-  Amalgamation  of  qnartz  containing  gold.  —  Apparatus  employed. 
Mode  of  working.   Nature  of  the  products.   Extraction  of  gold  from 
the  amalgam.  iMngmaid^s  process,    Anossow's  process  by  means  of  iron, 
Plattner's  process  by  chlorine, 

Meltlnsr  of  Ck>ld  Bust. 
Sweep  Reflnlngr. 

Separation  of  Gold  prom  Silver  and  Copper.  Parting. 

B17  Metliod«« 

ByUtharge  and  sulphur.   By.  cementation.    Description  of  pro 
Chemical  reactions.   By  sulphur. 


Nitlic  acid  prooess.^Appaiatiu  used*  Method  of  wavkBug.  €kmieal 

principles  involved. 

Sulphuric  acid  process. — ^Apparatus  employed.   Mode  of  working. 

Chemical  reactions  involved.   Modifications  of  the  process, 
Refining  gold  containing  silver  by  chlorine. 
Assaying  of  ores  and  alhys  of  gold  by  dry  and  wet  methods, 

▼aiietles  of  OoUl  In  Oommeroe. 

Methods  of  detecting  copper,  silver,  lead,  tin,  antimony,  platinum, 
palladium,  and  iridium  in  gold, 

MERCURY  OR  QUICKSILVER. 
Pbysloal  Properties. 
Cbemloal  Properties. 

Action  of  heat.   Action  of  air.   Action  qf  adds.    Action  of  chlorine, 

Merevry  and  Ozygron* 

Suboxide,   Physical  and  chemical  properties, 
'  Protoxide  or  red  oxide.   Mode  of  formation.     Physical  and  chemical 
properties.  Action  of  heat. 

Merenry  and  Salpbnr. 

Subsulphide,   Physical  and  chemical  properties, 

Protosulphide  or  vermilion.  Methods  of  p:teparation.  Physical  and 
chemical  properties.  Action  of  heat.  Action  of  heat  and  air.  Action 
of  hydrogen.  Action  of  iron.  Action  of  lime.  Action  of  alkalies^ 
Action  qf  chlorine.    Action  of  acids, 

Merovr/  and  Oblorlno. 

Suhchloride.   Physical  and  chemical  properties. 
Frotochloride.  Physical  and  ci^tca/ properties. 
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M0M1117  and  sUver.    Merourj  and  gold.    Mexoury  and  copper. 
Merewry  and  iron,   Mercuiy  and  sodium. 

Orks  of  Mercury. 

FbyBioal  characters  and  chemical  composition.  Native  mercuiy. 
Cinnabar.  Native  anudgan.  Fahlore  containing  mercury.  Other  minerals 
cfmtaiMmg  mercury. 

MSTHODS  OF  EZTBACTION. 

Deacnpfion  of  famace,  method  of  operation,  nature  of  the  products,  and 
ekemeal  reactions  involved  in  the  following  methods  : — MuanaeaceUea 
process.  Almaden process. ,  Idrian process^  Jjeopold  furnace  process. 
Albeiti  process,  nahner's  fiimace  process.  Gallery  furnace  process. 
MJore  process. 

Impurities  oresent  in  mercury.   Methods  of  testing  mercury  for  foreign 
metais.  Moaes  of  purifying  commercial  varieties  of  mercury. 

Water  gilding. 

Methods  of  assaying  of  ores  qf  mercury^ 
COBALT. 

Physical  and  ehendeai  properties  of  the  metal.  Methods  of  prepara* 
tion. 

OoMt  ana  Osyaron* 

Protoxide.  Mode  of  formation.    Phymeal  and  ehemkful  properties. 
Action  of  hydrogen. 

Sesquioxide.    Methods  of  preparation.   Physical  and  chemical  pro- 
perties.  Action  of  carbon. 

Cobalt  aatt  Aneiiie. 

Fbjfsical  and  ehemieal  properties.  Mode  of  producing  compounds  of 
memeUe  of  cobalt. 

Orbs  of  Cobalt* 

Riysieil  chavacter  and  chemical  composition,   Cohalt  glance.  Smal- 
tine.  Cobalt  bloom.   Nature  qf  other  minerals  containing  cobalt. 

Cobalt  Products* 

Smalts.  Apparatus  used  in  the  manufkctnxe  of.  Mode  of  preparation. 
Nature  of  the  products.  Chemical  composition  of  the  products.  Chemical 
prvmples  involved.    Uses  of  smalts  and  oxide  of  cobalt. 

Sihci^  of  protoxide  of  cohalt.  Mode  of  obtaining.  Physical  cha- 
nctas. 

Bkunann^s  green.   Mode  of  preparation.  Nature  of.   Chemical  com- 
posUion, 

Tkenard^s  blue.   Mode  qf  preparation.   Nature  of.    Chemical  com- 
position, 
Photphate  of  cobalt. 

iters'  hlue.  Application.    Mode  of  preparation.    Nature  of. 
Ohemictd  composition. 

Methods  of  estimating  cobalt. 

NICKEL. 

Fhysocal  and  ehemieal  properties  of  themetal. 
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Wiokel  ud  Ozyffen. 

Physical  and  chemical  pioperties  of  protoxide  and  peroxide  of  niokd. 
Action  of  hydrogen.    Action  of  carbon, 

Vlekel  and  finlplmr. 

Mode  of  obtaining  compounds  of.    Physical  and  chemical  properties. 

Wiekel  and  Arsenle. 

Physical  and  chemical  properties.  Nickel  speise.  Chemical  com- 
posiHon.  Pottery  nickel.  Action  of  heat  and  air  tipofi  arsenide  of  irtm^ 
cobalt,  and  nickel. 

Orbs  of  Nicksl. 

Physical  characters  and  chemical  composition.  Kupfemickel.  Nickel^ 
iferous  pyrites.  Arsenical  nickel.  Nickel  glance.  Millerite,  Other 
minerals  containing  nickel.    Meteoric  iron. 

Methods  of  Extraction, 

Apparatus  employed.  Mode  of  working.  Nature  of  the  products 
Chemical  reactions  involved. 

Oermaa  Silver. 

Composition  of  the  commercial  varieties  of.  Mode  of  preparation. 
Physical  characters. 

Methods  of  assaying  nickel  ores. 
Various  alloys  containing  nickel. 
Commercial  varieties  of  nickel. 
Foreign  metals  occurring  in  nickel, 

ARSENIC, 

Physical  and  cAemtca/ properties  of  the  metaL  AcJtion  of  heat.  Aotion 
of  heat  and  air.  ' 

iioetilo  and  Ojtyffen. 

Methods  of  preparation* of  the  compounds  of.  Physical  and  chemical 
properties  of  the  compounds  of.  Action  of  light.  Action  of  heat.  Action 
of  carbon.   Action  of  hydrogen.    Action  of  carbonic  oxide, 

Aivenie  and  SnlpHnr. 

Methods  of  obtaining  the  compounds  of.  Physical  and  chemical 
properties.  Action  of  heat.  Action  of  carbonate  of  soda  and  carbon. 
Action  of  cyanide  of  potassium. 

Orks  of  Arsenic. 
Physical  characters   and   chemical  composition.    Native  ftrsenic. 
Realgar.  Orpiment.  Mispickel.  Arsenical  iron  pyrites.  Other  minerals 
containing  arsenic. 

Methods  used  for  obtaining  White  Arsenic. 
Description  of  apparatus.  Methods  of  working.   Nature  of  products 
Chemical  reactions  involved.    Methods  of  refining  white  arsenic.  De- 
scription of  apparatus.   Mode  of  working.   Nature  of  products. 
Preparation  of  yellow  arsenic  glass.    Chemical  composition  of. 
Preparation  of  red  arsenic  glass.    Chemical  composition  ^. 
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Freparatloa  of  Metallic  Anenlc. 

Methods  of  estimating  arsenic. 

Applications  of  arsenic  and  its  various  compounds. 
Nature  and  chemical  compositum  of  Emmld  Green.   Scheele's  green. 
Opalescent  glass. 

Mode  of  producing  Green  bronze, 

ANTIMONY. 
Physical  and  chemical  properties  of  the  metal. 

Antlmoiiy  and  Ozyyen. 

Methods  of  formation.  Physical  and  chemical  properties  of  the  follow- 
ing oxides  : — 

Teroxide.   Action  of  carbon.  Action  of  cyanide  of  potassium.  Action 
of  sulphur. 
Intermediate  oxide. 
Antimonic  acid.   Action  of  heat. 

Antimony  and  Sulpliar. 

Tersulphide^  Methods  of  formation.  Physical  and  chemical  proper- 
ties. Action  of  heat.  Action  of  heat  and  air.  Action  of  steam.  Action 
of  eaiboD.  Action  of  carbonic  oxide.  Action  of  cyanide  of  potassium. 
Action  of  nitre.  Action  of  iron.  Action  of  coj^per.  Action  of  tin. 
Action  of  adds.   Glass  of  antimony.   liver  of  antunony. 

Ores  of  Antimony. 

Physical  characters  and  chemical  composition.  Native  antimony. 
Antimony  glance.  Valentinite.  Antimony  ochre.  Red  antimony. 
Other  minerals  containing  aiUimony, 

Methods  of  Extraction. 

Apparatus  used.  Methods  of  working.  Nature  of  the  products. 
Chemical  composition  of  products  and  chemical  reactions  involved  in  the 
following  methods  Liquation  process.  Reduction  by  iron,  English 
process.   Fr&tich  method. 

Alloys  of  Antimony* 

Antimony  and  lead.  Action  of  heat  and  air.  Antimoniates  of  prot" 
oande  of  lead.  Naples  yellow.  Composition  of  type  metal  and  stereo- 
type metal.  Antimony  and  iron.  Antimony  and  copper,  "  Regulus 
vomt."  Antimony  and  tin.  Other  alloys  containing  antimony  used  in 
the  arts. 

Assaying  of  ores  of  antimony. 

Foreign  metals  occurring  in  antimony.  Methods  of  testing  for  foreign 
metals, 

TIN. 

Physical  and  chemical  properties  of  the  metal.  Action  of  heat.  Of 
air.  Of  heat  and  air.  Of  adds.  Action  of  tin  on  various  metallic 
oddes. 

Tin  and  Ozjgen* 

Physical  and  chemical  properties  of  the  following  ;  —  Protoxide. 
Sesquiodde,    Binoxide.   "  Putty  powder,**    Stannate  of  soda. 
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Tin  and  Svlplmr. 

Physical  and  chemical  of  the  following  :—Proto8ulphide.  PertuU 
phide. 

Tin  and  Chlorine, 
Protochhride,  Perchloride. 

TIaaad  Anenle. 

Alloys  of  Tin. 

Tin  and  copper.  Physical  properties  and  composition  of  bronse. 
Bell  metal.  Speculum  metal.  Casting  of  Bronze.  Tin  and  antimooy. 
Britannia  metal.  Tin  and  zinc.  Tin  and  lead.  Pewter.  Solder. 
Soldering.  Tin,  lead,  and  copper,  Roman  pot  metal.  Other  alloys 
employed  containing  tin.  Bearing  metal.  Amalgam  for  electrical  ma- 
chines.  Tin  bronze.    Tinning  of  brass  pins. 

Ores  op  Tin. 

Nature  and  chemical  composition  of  Cassiterite.  ''Stream  tin.*' 
"  Mine  tin."  "  Wood  tin."  Tin  pyrites  or  bell-metal  ore.  Minerals 
occurring  toith  tin  ores. 

SsiELTiNa  OP  Tin  Orbs. 

In  reverberatoij  and  blast  furnaces.— -Description  of  furnaces  used. 
Methods  of  working.  Nature  of  the  products.  Chemical  composition 
of  the  products.  Chemical  reactions  involved.  Refining  of  tin.  Oxla$td*s 
process. 

Commerolal  Varlettes  of  Tin. 

Common  tin.  Refined  tin.  Grain  tin.  Block  tin.  Foreign  metals 
occurring  in  tin.   Methods  of  testing  for  foreign  metals. 

Assaying  of  tin  ores. 

BISMUTH. 

Physical  and  chemical  properties  of  the  metal.  Action  of  heat  Ac- 
tion of  air.   Action  qf  steam.   Action  of  acids. 

Blamntb  and  Oaiyiron. 

Teroxide.  Mode  of  formation.  Physical  and  chemical  properties. 
Action  of  carbon.   Protp^eide, , 

Blsmntb  and  Solplmr. 

Tersulphide.  Methods  of  formation.  Physical  and  chemical  pro* 
per  ties.   Action  of  metals  upon.   Action  of  heat.   Action  of  hydrogen. 

Alloys  of  Bismuth. 
Nature  and  composition  of  alloys  containing  bismuth  employed. 

Ores  of  Bismuth. 

Names  of  various  minerals  containing  bismuth.  Physical  characters 
and  chemical  composition  of  minerals  containing  bismuth. 

Methods  of  Extraction. 

Apparatus  used.  Description  of  processes,  and  chemical  mictions 
involved  in  the  various  methods.  Old  methods.  Recent  methods. 
Plat1ner*9  furnace. 
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MMods  fif  e$tmaimg  biiwmth.  Foreign  metals  oeemrting  m  Umuth, 
Methods  of  testing  for  for  eign  metals. 

PLATINUM. 
Physical  and  chemical  properties  of  the  metal. 

Orbs  of  Platinum, 

Native  platinum.  Physical  characters.  Metals  occurring  in.  Minerals 
associated  with. 

Methods  op  Extraction. 
Wet  method.   DeviUe's  method. 

Melting  of  platinum.  PlaHnum  black.  Spongy  platinum.  li''orking 
of  platinum. 


Subjeot  MJLm — ^VaTiffatlon. 

First  Stage  or  Elementary  Course. 

General  Notions. — ^Figure  of  the  earth ;  earth's  diameter,  axis,  poles. 
Meridians ;  equator,  equinoctial.  Parallels  of  latitude ;  latitude,  longi* 
tade.  Difference  of  latitude;  di£Perence  of  longitude.  Rhumb  line; 
course  ;  nautical  distance,  meridian  distance  ;  departure. 

Examples  of  differences  of  latitude  and  longitude.  The  meridian 
distance  is  equal  to  tiie  difference  of  longitude  multiplied  by  cosine  of 
latitude.  When  a  ship  is  sailing  on  a  parallel  of  latitude  : —  (1),  given 
the  Stance  made  good  and  latitude  to  find  the  difference  of 
longitude;  (2),  given  the  difference  of  longitude  and  the  latitude  to 
find  the  distance ;  (3),  given  the  meridian  distance  and  the  difference 
of  longitude  to  find  the  Utitude. 

The  Conwass. — Description  ;  Points.  Number  of  degrees,  minutes, 
and  seconds  in  a  point,  i  Tpomt,  i  point,  }  point.  To  reduce  points  and 
parts  of  points  into  degrees,  minutes,  and  seconds,  and  conversely. 

Variation  of  the  Compass:  easterly,  westerly.  How  to  be  allowed 
(1)  when  it  is  required  to  find  the  true  from  compass  course;  (2)^  to  find 
compass  course  from  true. 

Causes  of  Local  Deviation. — How  the  amount  of  local  deviation  is 
ascertained  practically ;  how  allowed.  Examples  of  correction  of  courses 
for  variation  and  deviation. 

L«m?ay. —Definition.  Starboard  tack,  port  tack»  close-hauled.  How 
leeway  is  to  be  allowed.  Examples. 

The  Log. — Description.    How  divided. 

Plane  SmZiiiy.— Cfonstruction  of  fi^fures.   Proof  of  formulae  used  in 

Slane  sailing,  viz.,  connecting  nautical  distance,  diffSerence  of  latitude, 
eparture  and  course.  Examples. 

Traverse  SaiZin^.— Definition  of  a  traverse.   To  resolve  a  traverse. 
Construction  of  traverse  table.  Examples. 
Middle  Latitude  Sailing,'-To  prove  the  formula  used.  Examples. 

Second  Stage  or  Advanced  Course. 

Mereator's  Projection  and  CAor^—Description.  How  meridians  are 
laid  down,  and  divided  for  representation  of  the  latitudes.  Chief  value 
of  the  chut  is : — "  That  the  angle  which  a  straight  line  joining  any  two 
"  places  on  a  chart  makes  with  the  meridians  is  equal  to  that  which  the 

H  2 
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"  rhumb  line  joininff  the  same  two  places  on  the  globe  makes  with  the 
"  meridians     proof  of  this. 

To  draw  a  Mercator's  chart.  To  find  the  ktitude  and  lon^tude  of  any 
place  on  the  chart,  and  vice  versd,  from  the  latitude  and  longitude  to  find 
its  place  on  the  chart.  To  find  the  course  between  two  places  on  the  chart. 
To  find  the  shin's  place  by  the  bearing  of  two  known  places  or  head- 
lands. To  lay  aown  a  rock,  island,  or  headland  from  obser^'cd  bearings. 
To  find  the  distance  between  two  places  on  the  chart.  From  the  course 
and  distance  run  to  find  the  place  on  the  chart. 

Proofs  of  rules  used  in  Mercator's  sailing.  Examples. 

Local  Derfa/to».— More  accurate  account  of  the  causes  of  sub-perma^ 
nent  and  induced  magnetism.  Laws  of  induced  magnetism  in  a  ship. 
Semicircular  and  quadrantal  deviation.  Description  of  modes  for  ascer- 
taining the  amount  of  deviation. 

Great  Circle  Sailing, — Given  the  latitude  and  longitude  of  two  places 
to  find  the  distance  between  them  on  a  great  circle.  To  find  also  the 
latitude  and  longitude  of  the  vertex.  To  find  a  succession  of  points  on 
a  great  circle  between  two  places.  Examples. 

Errors  to  which  the  log  is  liable.  Having  given  the  apparent  distance 
run  with  given  known  errors  in  log  line  and  glass,  to  find  the  true 
distance. 

To  find  the  difference  of  longitude  made  on  a  traverse.  Sea  journal. 
Taking  a  departure.  Log-board  and  log-book.   Day's  work.  Examples. 

Examination  for  Honours. 

In  addition  to  the  above  there  will  be  required — 

The  proof  of  the  rule  for  finding  meridional  parts,  viz, : — 

m=3- 8988495+  log.  (log.  cot.  J  colat.  —  10). 

Problems  in  Marine  Surveying,  &c. 

Candidates  for  examination  in  this  subject  are  recommended  to  use 
the  following  books : — 

A  TVeatise  on  Namgation  and  Nautical  Astronomy,  by  J.  Riddle  {with 
Tables),  2  vols.,  lU.  6d,   Tables  separate,  5f. 

(London,  Simpkin  &  Marshall,  8th  ed.,  1864.) 
Namgation  and  Nautical  Astronomy,  by  H.  W.  Jeans,  in  two  parts, 
12mo.,  5s.  each,  or  in  one  vol.  9s. 

(London,  Longman,  new  ed.,  1860.) 
Or,  Navigation  and  Nautical  Astronomy,  by  Merrifield  &  Evers. 

(London,  Longman  &  Co.) 
Nautical  Tables  from  British  Seamen,  by  James  Inman,  8vo.,  I4s. 

(London,  Bivington;  1862.) 

Siiljjeet  TTfi— yantloal  Astronomy. 

First  Stage  or  Elementary  Course. 

Definition. — Circles  of  declination  or  hour  circles.  Equinoctial  points. 
Ecliptic,  obli(|uity  of  ecliptic,  signs. of  the  zodiac.  Precession  of  the 
eouinoxes,  circles  of  celestial  latitude.  Latitude  and  longitude  of  a 
celestial  body. 

Declination,  right  ascension,  right  ascension  of  the  meridian,  sensible 
and  rational  horizon.  Zenith,  nadir,  vertical  or  azimuth  circles  or 
circles  of  altitude.  Altitude,  azimuth,  and  amplitude  of  a  heavenlv 
body.  Parallelfi  of  altitude.  Six  o'clock  hour  circle.  PHme  vertical. 
Colatitude. 
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Proof  that  the  altitude  of  the  elevated  pole  is  equal  to  the  latitude  of 
the  observer.  Illustration  bj  diagrams ;  projections  on  the  meridian  and 
horizon. 

Time.  Apparent  noon,  apparent  solar  day,  mean  solar  day,  mean 
noon,  equation  of  time.  Sidereal  da^.  To  convert  intervals'  of  mean 
time  into  sidereal  time,  and  vice  versa.  Illustration  of  these  definitions 
by  diagrams.  Difference  between  civil  and  astronomical  reckoning  of 
time.   To  convert  arc  into  time,  and  time  into  arc. 

To  find  the  Greenwich  date,  the  time  at  an^  other  place  and  longitude 
being  given.  To  take  out  the  right  ascension  of  tne  mean  sun  for  a 
given  mean  Greenwich  date. 

The  corrections  of  altitudes : — 

1.  Dip. — Proof  that  dip  in  mmute8='9784>/SI7  *  being  reckoned 

in  feet. 

2.  Refraction, — Why  necessary?   Show  generally  how  it  is  measured. 

Kefiraction  =57"  tan  ZD  nearly. 

3.  Correction  for  semi-diameters. 

4.  Parallax. — Horizontal  parallax  X  cos.  apparent  altitude  =  parallax 

iu  altitude. 

Sextant. — Description.  Adjustments,  how  to  make  them.  Index  error, 
how  it  may  be  found . 

Chronometer. — Error  and  rate.   Reading  of  the  chronometer. 

Equation  of  time. — How  it  is  to  be  applied  to  the  mean  time  to  obtain 
the  apparent  time,  and  conversely. 

To  find  the  latitude  by  a  meridian  altitude  of  the  sun :  proof  of  the 
rule  and  examples.  To  find  the  latitude  by  a  meridian  altitude  of  a 
star. 

By  the  moon : — 

1.  To  find  the  mean  time,  and  Greenwich  date,  of  the  moon's  meridian 

passage  on  a  given  astronomical  day  in  a  giventitude. 

2.  To  find  the  semidiameter  and  horizontal  parallax  of  the  moon  for 

a  given  Greenwich  date  (mean  time)  from  the  Nautical  Almanac. 

3.  To  take  out  the  moon's  declination  from  the  Nautical  Almanac. 

4.  To  find  the  altitude  by  the  meridian  altitude  of  the  moon.  Examples. 
To  find  the  mean  time  at  any  place  and  also  the  Greenwich  mean 

time  of  the  passage  of  a  star  over  a  given  meridian  on  a  given  day, 
and  the  distance  at  which  it  passes  north  or  south  of  the  zenith.  To  find 
the  latitude  by  tJ^e  altitude,  (1),  of  the  sun ;  (2),  of  a  star;  (3),  of  the 
moon  below  the  pole.  To  find  the  latitude  by  the  altitude  of  the  pole 
star.  To  find  the  variation  or  local  de\dation  by  the  observed  azimuth  or 
amplitude  of  the  sun.  Proof  of  the  rules  for  finding  the  azimuth  and 
amplitude.   Applications  of  the  rules  to  find  the  variation  or  deviation. 

To  find  the  hour  angle  of  a  heavenly  body  east  or  west  of  the  meridian. 
To  compute  the  mean  or  apparent  time  at  any  place  from  the  observed 
altitude  of  a  heavenly  body.  To  find  the  error  and  rate  of  the  chrono- 
meter.  To  find  the  longitude  by  the  chronometer. 


Second  Stage  or  Advanced  Course. 

Feat  the  advanced  course,  in  addition  to  the  above,  the  candidate  will 
be  required : — 

To  compute  the  reduction  of  the  horizontal  parallax. 

To  define  the  angle  of  the  vertical,  and  to  describe  the  method  of  com- 
puting it. 

To  o(Hnpute  the  augmentation  of  the  moon's  semi-diameter. 

To  prove  the  following  rules i 
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1.  For  the  reduction  of  the  altitude  of  any  celestial  body  observed  at 
one  place  to  what  it  would  have  been  if  observed  at  the  same  instant 
at  another  place. 

2.  For  finding  the  latitude  by  the  altitude  of  the  pole  star. 

3.  For  finding  the  latitude  by  altitudes  of  any  celestial  body  near  the 
meridian. 

4.  For  finding  the  hour  angle  of  a  celestial  body  from  the  observed 
altitude. 

5.  For  finding  the  rising  and  setting  of  celestial  bodies  and  twilight. 

6.  The  eiror  of  hour  angle  for  smul  errors  in  observed  altitude,  when 
least. 

7.  For  finding  the  latitude  and  longitude  by  means  of  two  altitudes. 

8.  For  computing.the  altitude  of  a  given  celestial  body  for  a  given  time. 

9.  The  metnod  of  clearing  a  lunar  distance  from  the  effects  of  parallax 
and  refraction. 

And  to  work  practical  examples  of  all  these  rules. 

To  compute  the  latitude  and  longitude  by  double  altitudes — 1.  By 
Ivory's  method.   2.  By  the  direct  method. 

To  find  the  error  of  the  chronometer  by  equal  altitudes  of  the  sun  or 
of  a  fixed  star.  To  compute  the  apparent  altitude  from  the  true  altitude. 
To  compute  the  longitude  by  an  observed  lunar  distance.  To  describe 
Summer's  method  for  finding  latitude  and  longitude.  Cyclones  and 
tides. 

Examination  for  Honours. 
In  addition  to  the  above  : — 

Method  of  computing  the  moon's  right  ascension  from  an  occultation 
of  a  fixed  star.  Longitude  by  eclipses  of  Jupiter's  satellites.  To  find 
the  position  of  an  unknown  star  or  comet  by  its  distances  from  two 
known  stars.   Astronomical  problems. 

For  studying  this  subject  the  same  books  are  recommended  as  have 
already  been  given  at  the  end  of  the  courses  on  Navigation, 


Subject  »J>TT. — Steam. 

First  Stage  or  Elementary  Course. 

In  the  first  paper  the  ouestions  will  be  restricted  to  those  portions 
of  the  syllabus  comprised  under  the  heads  numbered  1,  2,  and  or 
1,2,  and  4  respectivdy,  and  the  students  will  be  expected  to  possess  a  fair 
elementary  knowledge  of  the  subject. 

Second  Stage  or  Advanced  Course. 

In  the  second  or  advanced  paper  the  questions  will  bear  upon  those 
portions  of  the  syllabus  numbered  1,  2,  3,  and  6,  or  1,  2,  4,  and  6  re- 
spectively, and  a  more  exact  knowledge  of  details  will  be  expected. 

Examination  for  Honours. 

The  range  of  subjects  will  be  the  same  as  in  the  advanced  course, 
but  the  questions  will  extend  over  that  portion  comprised  under  the  sixth 
head  of  the  syllabus. 
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1.  Introductory  Matter. — ^The  expansion  of  bodies  by  heat,  the 
liquid  and  gaseous  states  of  matter,  the  co-efficient  of  expan« 
sion,  energy  of  the  atomic  forces,  practical  illustrations  of  the 
expansion  and  contraction  of  various  substances;  the  tempera- 
ture of  bodies,  instruments  for  measuring  traaperature,  the 
thermometer,  comparison  of  thermometers  when  differently 
graduated^  pyrometers;  the  capacity  of  bodies  for  heat,  the 
calorimet^;  the  conversion  of  work  into  heat  and  of  heat  into  work, 
the  consumption  of  heat  in  liquefaction  and  vaporization;  the 
convection  of  heat,  the  method  in  which  a  lai^e  mass  of  water 
may  become  heated ;  the  conduction  of  heat,  good  and  bad  con- 
ductors, experimental  illustrations ;  the  forma^on  of  vapour  and 
steam,  tiie  boiling  points  of  fresh  and  salt  water,  the  causes  which 
influence  the  boiling  temperature  of  water,  high-pressure  steam, 
measure  of  steam  pressure  by  atmospheres,  steam  when  in  contact  or 
not  in  contact  with  water,  the  relation  between  the  pressure,  density 
and  temperature  of  steam,  the  specific  gravity  of  steam,  the  latent 
heat  of  steam,  the  quantity  of  water  required  to  produce  conden- 
sation, common  and  superheated  steam,  the  analysis  of  sea 
water. 

The  radiation  of  heat,  the  absorption  of  heat,  the  general 
relation  between  radiation  and  absorption,  good  and  bad  radiators 
of  heat,  experimental  illustrations. 

Hie  oxidation  of  metals,  the  effects  of  galvanic  action. 

2.  Steam  Engine,  —  Newcomen's  atmospheric  pumping  engine,  its 
defects;  the  discoveries  of  Watt,  the  separate  condenser,  the 
expansive  working  of  steam,  its  economy,  its  value  in  regulating 
the  power  of  an  engine. 

Details  connected  with  Watt's  single-acting  pumping  engine; 
the  steam  cylinder,  the  valves  connected  with  it,  their  adion, 
the  condenser,  the  air-pump,  the  foot  valve,  the  delivery  valve, 
the  snifting  valve,  the  hot  well,  the  piston  rod,  stuffing  boxes 
and  glands,  the  parallel  motion ;  the  method  of  startiog  the  engine, 
and  of  regulating  its  speed,  the  cataract. 

The  double-acting  condensing  beam  engine,  the  principle  upon 
wliich  it  works ;  details  of  the  various  parts,  the  cylinder,  how 
Constructed,  the  ports  or  openings  into  the  cylinder,  the  forms 
of  sHde  valve  in  common  use,  the  locomotive  or  three-ported 
^^ve,  the  lap  on  a  valve,  the  eccentric,  the  lead  of  a  valve, 
Cushioning  the  steam,  clearance,  details  of  the  piston,  metallic 
p«cking-rmgs ;  the  expansion  valve,  and  the  gear  connected  with 
it ;  the  air-pump,  condenser,  the  supply  of  water  for  condensation, 
blowing  through,  gauges  for  the  condenser,  the  barometer  gauge, 
itiethod  of  estunating  pressure  by  it,  errors  in  this  method,  and 
Correction  of  the  same;  the  connecting  rod,  the  strap  gib  and 
c\itter,  the  parallel  motion,  the  governor,  the  fly-wheel. 

The  principle  of  an  equilibrium  valve,  the  double  beat  valve, 
t;lie  crown  valve,  the  throttle  valve,  the  gridiron  valve. 

The  high-pressure  engine  without  condensation,  the  expansive 
principle  as  applied  in  the  double  cylinder  condensing  engine. 

The  forms  of  boiler  in  common  use :  the  Cornish  boiler,  the 
t^lindrical  boiler  with  internal  flues,  the  vertical  boiler,  heating 
%nd  fire-grate  surfaces,  the  evaporative  power  of  boilers,  boiler 
chunnies ;  the  strength  of  boilers,  the  use  of  stays,  the  proving  of 
Iwilcrs.  Boiler  appendages ;  safety  valves,  reverse  or  atmospheric 
Yalvea,  communication  or  stop  valves,  the  glass  water  gauge,  steam 
pressure  gauge,  various  forms.  Bourdon's  gauge,  feed  pumps. 
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3.  The  Locomotive  En^rtnc— The  general  construction  of  a  locomotive 

engine  and  boiler  before  the  invention  of  Stephenson,  the  KiUing- 
worth  engine ;  description  of  the  Rocket  engine  by  R.  Stephenson 
as  the  type  of  the  modern  locomotive,  the  tubular  boiler,  the  draught 
produced  by  the  discharge  of  waste  steam. 

The  arrangement  of  an  engine,  the  cylinders,  their  position, 
steamways,  ports,  slide  valve,  water  cocks,  grease  cocks,  the 
piston  and  packing-rings,  piston-rod,  guides,  connecting  rod,  eccen- 
trics, the  reversing  or  link  motion,  reversing  lever,  sector,  expansive 
working,  crank  aSe  and  driving  wheels,  power  required  for  trac- 
tion, adhesion  of  the  driving  wheels,  counter  weights  to  cranks, 
wheels  and  axles,  axle-boxes,  bearing  springs,  buffer  and  draw 
springs,  friction  brakes. 

Details  of  the  boiler ;  the  fire-box,  the  inner  and  outer  shell,  ribs 
on  the  crown  of  the  fire-box,  the  cylindrical  barrel,  the  tubes,  mode 
of  fixing  them,  through  tie  rods,  the  ashpit,  the  smoke  box,  the 
blast  pipe,  mechanical  action  of  the  blast,  the  steam  chest,  the 
outer  dome,  the  steam  pipe,  the  regulator,  safety  valves,  pressure 
gauges,  whistles,  blow-off  cocks,  feed  pumps,  Giffard's  injector ; 
evaporative  power  of  the  boiler,  fire-grate  and  heating  surface,  com- 
bustion of  fuel ;  the  tender,  water-tank,  brake,  feed  pipes. 

The  permanent  way;  varieties  of  rwls  in  conunon  use,  timber 
sleepers,  transverse  and  longitudinal  systems ;  jointing  of  rails,  the 
fish  joint ;  the  tyres  of  wheels,  their  form,  general  description  of 
Bwit(»ies  and  crossings. 

4.  The  Marine  Steam  Engine, — Side  lever  engine,  the  oscillating  engine 

for  paddle-wheel  steamers,  the  vertical  trunk  engine;  the  Gorgon 
engines,  the  object  of  this  arrangement ;  other  forms  of  engine. 
Engines  for  screw  propellors,  dire^  acting  engines  with  or  without 
multiplying  gear,  renn's  trunk  engine,  Maudslay  and  Field's  return 
connecting-rod  engine. 

Details  of  parts  connected  with  the  working  of  a  marine  engine ; 
the  air  pump  bucket  and  valves,  double-acting  air  pump.  India- 
rubber  also  valves,  cylinder  escape  valves,  bilge  and  feed  pumps, 
expansion  valves,  expansion  cams  and  gear.  The  method  of 
reversing  an  engine  when  fitted  with  a  single  eccentric,  reversing 
by  a  double  eccentric,  the  link  motion.  Paddle  wheels,  feathering 
of  the  floats,  disconnexion  and  immersion  of  wheels.  The  screw 
propeller,  various  forms,  length,  angle,  pitch,  and  area  of  screw 
blaae,  disconnecting  and  raising  the  screw,  the  position  of  the  screw 
propeller  in  the  vessel,  the  slip  of  the  screw,  the  method  of  receiving 
the  thrust  upon  the  vessel,  soft  metal  bearings. 

The  marine  tubular  boiler,  how  constructed,  gun-boat  boilers, 
the  steam-chest,  fire-bridge  and  ashpit,  the  funnd  and  its  casing, 
waste-steam  pipe,  water  gauge,  gauge  cocks,  pressure  gauges,  safe^ 
valves,  reverse  valves,  stop  valves,  feed  pumps,  boiler  huid-pumps, 
feed  or  donkey-engine,  Kington's  valves,  blow-out  cocks,  brine- 
pumps  and  brine-valves,  the  methods  of  ascertaining  the  degree  of 
saltness  of  the  water  in  a  boiler,  amount  of  saltness  permissible, 
formation  of  scale,  superheating  apparatus,  surface  condensation. 

Practical  working ;  getting  up  the  steam,  filling  the  boilers,  laying 
the  fires,  attention  to  various  parts  of  the  engine  while  the  steam  is 

fetting  up,  mode  of  starting,  working  the  engines  at  moorings, 
riming ;  its  causes  and  remedies.  Duties  to  madiinery  when  under 
steam,  boilers,  fires,  &c.  Injection  pipes.  Kingston's  valves.  Leaks 
in  engines.  Bearings  of  enflines.  Expansive  working.  Manage- 
ment of  fuel.  Damages  and  repairs  to  boiler,  &c.,  met  accidents. 
Duties  to  engine,  &c.,  on  arriving  in  harbour. 
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5,  CaJetdations. — ^Methods  of  meastiring  the  efficiency  of  steam  en^^ines. 

The  duty  of  an  engine.  The  horse  power.  Mercantile  or  nominal 
horse  power. 

The  indicator ;  the  ends  it  fiilfils,  description  of  the  instrument, 
the  atmospheric  line.  Method  of  taking  a  diagram.  The  general 
configuration  of  diagram  to  be  expected  under  various  circum- 
stances. Examination  of  the  indicator-diagram  when  the  steam  is 
throttled;  when  expansive  gear  alone  used,  and  in  other  cases.  To 
ascertain  the  horse-power  of  an  engine  by  means  of  the  indicator. 
The  indicator-diagram  in  a  high  pressure  or  locomotive  engine. 

The  principle  of  the  parallel  motion  of  a  beam  engine. 

6.  Caleulatums, — Estimation  of  the  work  done  in  one  stroke  of  the 

piston,  the  same  taking  clearance  into  account.  To  find  the 
horse  power  firom  the  evaporation  in  the  boiler.  De  Pambour's 
theory.  Velocity  of  maximum  useful  effect.  To  find  the  evapo- 
ration of  a  condensing  engine  of  given  dimensions  and  horse 
power,  the  piston  moving  with  a  given  velocity  with  and  without  ex- 
pansion. To  find  the  pressure  in  the  cylinder,  knowing  the  effective 
evaporation.  To  find  the  diameter  of  a  cylinder  to  work  at  a  certain 
speed,  knowing  the  evaporation.  To  find  the  evaporation  in  the 
boiler,  knowing  the  diameter  and  velocity  of  the  pbton  and  the 
pressure  of  steam  in  the  cylinder  with  and  without  expansion. 
The  same  for  locomotive.  Watt's  engines,  &c. 

The  screw — to  find  its  area,  to  find  also  the  angle  of  the  helix  or 
thread  of  the  screw  propeller,  and  the  pitch.  The  power  exerted  by  a 
screw.  How  fiar  the  shp  depends  on  the  form  and  dimensions  of 
the  screw.  Motion  of  the  paddle-wheels,  &c.  Consumption  of  fuel. 
Measure  of  the  locomotive  performance  of  marine  steam  engines. 
To  find  the  angle  the  crank  nas  moved  through  when  the  piston  is 
1^  a  given  distance  firom  the  top  of  the  stroke.  Amount  of  work 
devdoped  by  the  crank  in  a  hau-revolution.  Length  of  the  radius- 
bar  in  a  side  lever  engine.  Work  done  in  the  up  and  down  stroke 
of  the  ur  pump.  The  best  temperature  for  the  condenser  of  a  steam 
engine.   Quahties  of  fuel,  &c. 

Diagram  showing  the  relative  motions  of  the  slide  and  piston  at 
every  point  of  the  stroke. 

Dynamometer.   To  find  horse-power  of  engine  by  means  of  it. 

The  text  books  specially  recommended  are — 

The  Marine  Steam  Engine,  by  Professor  Main  and  Mr.  Brown,  R.N. 

(Longmans  and  Co.) 

Iblain  and  Brown's  Indicator  and  Dynamometer. 
De  Pambour's  Theory  of  the  Steam  Engine, 

Bourne's  Catechism  of  the  Steam  Engine.  (Longmans  and  Co.) 

And  for  reference — 
Clark  on  BaHway  Locomotives, 
Bourne  on  the  Steam  Engine. 
Bourne's  Examples  of  modem  Steam,  ^c.  Engines. 


Subject  '»»TTf . — ^Pliyaloal  Oeovrapby. 

First  Stags  or  Elementary  Course. 

For  this  stage  or  course  it  will  be  exj^ected  that  the  student  shall 
ondentand  and  be  able  to  express  the  sunple  facts  of  the  science  and 
explain  the  terms  in  common  use.  The  following  outline  may  be  useAil 
to  the  teacher  as  well  as  to  the  student 
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1.  The  form  and  motions  of  the  earth.    Its  division  into  land  and 

water.  Size  and  shape  of  continents.  Low  lands,  their  position 
and  the  names  hj  which  they  are  known.  Hi^h  lands  or  plateaux. 
Hills.    Mountains  and  mountain  systems.  Yall^. 

2.  The  ocean  and  its  extent.   The  names  given  to  different  parts.  Its 

depth  where  known.  Its  saltness.  "The  movements  of  the  ocean. 
Marine  currents.  Waves. 

3.  Rivers  and  river  systems.  Lakes. 

4.  The  air,  its  nature,  extent,  and  principal  uses.    Permanent  winds. 

Periodical  winds.  Storms. 

5.  Dew.    Clouds  and  rain.    Snow  and  hail.   Nature  of  climate. 

6.  The  nature  of  earthquakes.   The  nature  of  a  volcano.  Earthquake 

bands  and  bauds  of  volcanic  action.  The  simple  phenomena  of  a 
volcanic  eruption.  • 

7.  The  mode  in  which  plants  and  animals  are  distributed  on  the  ^arth. 

The  mutual  relations  of  horizontal  and  vertical  distribution.  The 
meaning  of  representative  species  and  the  principal  f^roups  of  plants 
and  animals  that  represent  others  in  different  continents  and  large 
islands. 

8.  The  different  races  of  men.   The  mode  in  which  they  are  now  dis- 

tributed on  the  earth. 
The  examination  questions  set  in  this  elementary  paper  will  not  in- 
volve moro  than  a  knowledge  of  such  &cts  as  are  taught  in  the  ordinary 
text  books. 

For  a  mere  pass  it  will  only  be  required  that  the  answers  should  be  so 
far  correct  and  definite  as  to  show  that  reasonable  care  has  been  tidien 
in  explaining  the  subject,  assuming  ordinary  intelligence  and  exertion 
on  the  part  of  a  young  pupil.  For  a  first  class  in  this  stage  sound 
elementary  knowledge  and  clearness  of  definition  will  be  indispensable. 

Skcond  Stags  or  Advancbd  Covrsb. 

The  more  advanced  students,  who  come  up  in  the  second  stage, 
will  not  pass  without  exhibiting  something  more  than  mere  elementary 
knowledge.  They  must  have  a  knowledge  of  principles  as  well  as  faicts. 
They  will  be  expected  to  have  acquired — 

a.  So  much  elementary  astronomy  as  relates  to  the  position  of  the 

earth  in  the  solar  system,  its  magnitude  and  rotation,  and  the 
influence  of  the  sun,  moon,  and  otner  bodies  distributed  through 
space  on  terrestrial  phenomena. 

b.  So  much  of  elementary  physics  and  inorganic  chemistry  as  includes 

the  nature  and  mode  of  action  of  tne  physical  forces  and  the 
composition  of  rocks. 

c.  So  much  of  elementary  geology  and  mineralogy  as  includes  a  know- 

ledge of  the  nature  of  rocks,  their  superposition,  succession,  and 
disturbances. 

d.  So  much  of  palaeontology  as  includes  a  knowledge  of  the  distribu- 

tion of  life  m  time. 
The  bearing  of  these  departments  of  knowledge  on  physical  geography 
commonly  so  called  should  be  understood.   The  terms  usea  in  them 
must  be  weU  appreciated  and  briefly  defined  when  definitions  are  asked. 

The  following  outline  of  the  main  subjects  included  in  physical  geo- 
graphy will  show  the  nature  of  an  advanced  course  of  instruction. 
1.  limd.  Relation  of  continents  and  islands.  Protuberance  of  land 
and  preponderance  of  land  in  one  hemisphere.  Form  of  extremities 
of  land.  Grouping  of  islands.  The  geographical  axes  of  the  two 
continents.  Influence  of  the  form  of  a  coast  line.  Characteriatio^ 
features  of  the  various  great  massei  of  land.  '  ^ 
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2.  Monntain  axes  and  mountain  systems.   Details  of  the  great  moun- 

tain ^stems  of  the  wwld,  especially  with  regard  to  the  continents. 
Relations  of  the  difPerent  {Murts  of  the  great  mountain  system  of 
£urope  and  Asia.  Isolated  mountains  and  mountain  system  of 
Africa.  Mountain  system  of  America.  Culminating  points.  Knots 
in  momitain  chains. 

3.  High  plains  or  plateaux;  their  nature  and  position.   Then?  relations 

with  the  geographical  axes  and  to  geographical  structure.  Exam- 
ples of  plateaux.  Plateaux  in  small  islands.  Sierras  or  mountain 
ridges  rising  from  plateaux.  The  drainage  of  plateaux  by  deep 
naiTOw  valleTS. 

4.  Low  plains ;  iJieir  distribution  and  relation  to  high  plains  and  moun- 

tains. The  low  plains  of  the  principal  natural  divisions  of  the- 
world.  The  steppes  of  Asia.  Deserts  of  Africa  and  Ambia.  Sa- 
vannahs and  prairies  of  North  America.  Silvas,  Llanos,  Pampas 
of  South  America.  The  characteristics  of  each.  Valleys;  their 
Tsrieties  and  peculiarities.  DifPerence  between  mountain  valleys 
and  the  valleys  of  plateaux. 

7.  Water;  its  position  on  the  earth.   Natural  divisions  caused  by  the 

protuberance  of  ports  of  the  earth.  Oceans  and  inland  seas. 
Depth  of  the  ocean,  and  means  of  ascertaining  its  depth.  Nature 
of  the  ocean  floor.  Form  of  the  bottom  of  the  ocean.  Solid  con- 
tents of  water.  Density  of  water  under  different  drcumstances. 
Effect  of  cold  on  water.  Temperature  of  the  sea.  Ck)lour  of 
water. 

8.  Motion  of  water.   Waves.   The  tidal  wave.    Currents.   The  prin- 

cipal stream  currents.   Drift  currents.    Irregular  movements  of 
water.   Sargasso  seas. 

9.  Circulation  of  water  by  rivers.   Drainage  areas  and  river  basins. 

Nature  of  water  sheds.  Origin  of  rivers.  Floods  and  flood 
moderators.  River  systems  of  the  world.  Rivers  draining  into 
the  ocean.  Rivers  oraining  into  lakes.  Groups  of  lakes ;  their 
extent  and  peculiarities.    Waterfalls  and  rapids. 

10.  Circulation  of  water  in  the  interior  of  the  eartli.    Course  of  rain 

water  through  rock.  Issue  of  this  water  in  springs.  Temperature 
of  springs.  Mineral  and  gaseous  contents  of  springs.  Quantity 
of  water  issuing  from  springs,  and  of  solid  matter  deposited  by 
them.   Variation  of  springs. 

11.  Conveyance  of  water  by  clouds,  and  its  deposit  as  rain.  Distribu- 

tion of  rain.  Proportion  of  rainfall  that  runs  over  the  earth's 
surface.  Formation  of  snow.  Circumstances  under  which  it  is  . 
formed  and  deposited.  Snow  line ;  its  position  in  different  parts 
of  the  world.  Passage  of  snow  into  ice.  GUaciers ;  their  ancient 
and  modern  history.  Glacial  actiop;  its  nature  and  results. 
Icebergs — how  and  where  formed;  their  influence.  Hail;  its 
formation  and  effects. 

12.  The  atmosphere.   Composition  and  properties  of  air.   Its  uses  and  . 

effects  on  light.  Its  extent.  Its  colour.  Effect  of  heat  on  the 
atmosphere.  Waves  of  sound.  Nature  of  wind.  Permanent 
winds.  Periodical  winds.  Circulation  of  the  air  by  upper  ciix- 
rents  rom  the  equator  to  the  poles,  and  corresponding  return 


both  hemispheres.  Special  local  winds  and  their  cause.  Various 
kinds  of  storm  winds.   Nature  of  cyclonic  storms.  Phenomena 
connected  with  such  storms. 
13.  Phenomena  of  weather  and  climate.    Causes  that  produce  or  modif^T-. 
climate.    Lines  connecting  places  ha\nng  equal  annual,  equal 
summer,  or  equal  winter  heat.   Value  of  such  lines  as  indicating 


Distribution  of  winds  in 
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climate.  Conditions  that  affect  weather  and  climate.  Cycles  of 
weather  and  climate.  Changes  of  climate,  and  the  cause  of  such 
changes. 

14.  Volcanic  phenomena.   General  action  of  volcanoes.   The  conditions 

of  a  volcanic  eruption.  The  parts  of  the  world  that  contain  volcanoes. 
Numbiar  of  volcanoes  in  the  diflEerent  groups;  their  position  and 
history  of  the  eruptions.  Inactive  or  extinct  volcanoes.  Pseudo- 
volcanoes  and  phenomena'connected  with  decayinp^  volcanic  activity. 
Geysers,  solfataras,  and  mud  volcanoes.  Volcamc  action  under  the 
sea.  Periods  and  cvcles  of  volcanic  disturbance.  Earthquakes. 
Zones  of  earthquake  disturbance.  Relation  of  earthquakes  to 
volcanoes.   Periodicity  of  earthquakes. 

15.  Distribution  of  life  on  the  earth.   Persbtence  of  life.    Origin  of 

species.  Modification  of  species.  Grouping  of  plants.  Represen- 
tative and  typical  species.  Advance  of  certain  forms  of  plant  life. 
Migration  and  migratory  powers  of  plants.  Floras  of  different 
countries.  Distribution  of  floras.  Faunas,  theur  distribution. 
Groups  of  characteristic  animals.  Migration  and  migratory  in- 
stincts. Limitation  of  these  instincts.  Distribution  oi  plants  and 
animals  in  time.   Extinction  and  renlacement  of  species. 

16.  Distribution  of  man.   Date  of  introauction  of  the  human  family. 

Early  existence  of  certain  typical  groups.  Mode  in  which  these 
groups  differ  anatomically  among  each  other.  Mixed  races.  Mi- 
grating and  settled  races,  and  their  mutual  influence.  Natural 
and  artificial  Hmits  of  extension  of  the  various  races.  Influence  of 
man  on  external  nature. 
Sound  knowledge  of  the  main  facts  and  an  ac<}uaintance  with  the 

mode  of  action  of  natural  causes  to  produce  results  will  be  expected  from 

the  more  advanced  students. 

Examination  for  Honours. 

For  this  examination  it  will  be  expected  that  the  candidates  shall 
not  only  be  &miliar  with  the  ordinary  facts  and  inferences,  but  that  they 
should  be  able  to  give  a  tolerably  complete  outline  in  their  own 
language  of  groups  of  facts  and  their  mutual  bearing,  together  with 
expumations  of  natural  phenomena  on  which  the  principles  of  physical 
geography  depend. 

Sound  knowledge  acquired,  not  only  from  text  books,  but  from  a 
thoughtful  examination  of  the  views  of  various  authors  or  from  a 
personal  study  of  the  facts  and  phenomena  will  be  expected  from  those 
who  seek  an  honour  certificate,  and  very  clear  and  definite  information 
on  the  subjects  attempted  will  be  indispensable. 

For  elementary  instruction  in  phvsical  geography  there  are  several 
recognised  text  books.  It  unfortunately  happens  that  in  some  of  these  the 
facts  are  incorrectly  stated,  and  teachers  employing  them  must  be  careful 
to  make  the  requisite  alterations  in  their  course  of  teaching. 

The  following  book,  which  has  been  recently  published,  is  recom- 
mended 

*  The  World  we  Live  in,  by  D.  T.  Ansted. 

(London,  Allen  &  Co.,  1868.) 

Of  somewhat  older  date  are : — 

Text  Book  of  Physical  Geography,  by  Dr.  Page,  12mo.,  2*. 

(Edinburgh,  Blackwood,  1863.) 


*  This  work  contains  a  glossary  of  technical  terms. 
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OMtUMa  of  Physical  Geography^  by  £.  Hughes,  12mo.,  3s.  Gd. 

(London,  Longman,  new  ed.,  1866.) 
Elementary  Class  Book  of  Physical  Geography,  hj  W.  Hughes,  12mo. 
If.  (London,  Philip,  1866.) 

The  following  win  be  found  suggestive  to  teachers,  but  are  hardlj 
sufficiently  complete  to  be  available  for  students 
Earth  and  Man:  a  Lecture  by  A.  Guyot,  translated  bv  C.  C.  Felton, 
12mo.  2s.  (London.  Bentley,  1865.) 

Physical  Geography  for  Schools,  by  M.  F.  Mauiy,  12mo.,  2s.  6d. 

(London,  Longman,  1864.) 

There  is  at  present  only  one  general  work  that  comprises  the  whole 
solgect  of  physical  geography  as  required  for  the  examination  in  the 
advanced  course : — 

Physical  Geogr^hy,  by  D.  T.  Ansted,  8vOm  l^f . 

(London,  AUen,  drd  ed.,  1868.) 

In  addition  to  the  fdlowing,  many  other  works  in  special  departments 
of  the  science  will  be  found  useful  to  the  advanced  student  and  to  the 
candidatB  in  honours : — 

Physical  Geography  of  the  Sea,  by  M.  F.  Mauiy,  8vo.,  5s. 

(London,  Low,  12th  ed.,  1866.) 

Man  and  Nature,  by  G.  P.  Marsh,  8vo.,  lis.  (London,  Low,  1864.) 
Principles  of  Geology,  by  Sir  C.  LyeU»  2  vols.  8vo. 

(London,  Murray,  1866.) 
Prwciples  of  Seismology,  by  R.  Mallet,  2  vols.  8vo.,  63#. 

(London,  Chapman  and  Hall,  1862.) 
It  is  most  desirable  that  this  subleBt  should  be  taught  and  studied 
with  good  physical  maps  at  hand.   For  the  elementary  course  is  recom- 
mended— 
Small  Atlas,  by  Hughes. 

For  the  advanced  student > 
Physical  School  Atlas,  by  Johnston. 
Larger  Physical  Atlas,  by  Johnston. 
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Tablk  showing  the  Number  of  Students  under  Instruc- 
tion in  the  various  Subjects. 
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SCIENCE  AND  ART  DEPARTMENT. 

Lord  Pre§idaUf  The  Riglit  Hon.  The  Earl  de  Grey  and  Ripon. 

Vtee-Prtsidemt  of  the  Committee  of  Council  on  EducatUm^  The  Eight  Hon. 
William  Bdward  Forster,  M.P. 


Office  hours,  10  to  4. 


GmRiL  AsxnnsTBATiov. 

&mi0fy.  Heuy  Cole,  C3. 

AtmdanA  Secretary,  NormAn  MacLeod. 

CkHfCUrk,  O.  Prands  Dunoombe. 

nnMau  CUrke,  Percival  B.B.  PeUe ;  A.  J.  R. 

Tnoddl;  Alan  8.  Oole;  T.  Chennan,  B.A., 

LLE 

Steond^km  Clerk*,  A.  H.  Oasparini ;  T.  A.  Bow- 
ler; F.  K.  Fowke ;  E.  Belsfaaw ;  G.  G.  MUlard ; 

8MoUme3ary  Clerk*,  W.  Bnrtt;  H.M.  Cun- 

daD;  O.J.DuUea. 
A»$ittami  Clerk*,  W.  fi.  P.  fitratton;  C.  G. 

Qninton. 

Aeeomiant,  A.  L.  Simkins ;  JBoohkeeperJl. 
WilBams ;  Auistant  Book-keeper,  B.  Harris. 

OairxRiX  STOftxs. 

^MfaiAMr.  W.  G.  Groaer.  iVpii^,  H.  Lloyd. 
Ckrkt,%'BMmfai  J.Smith. 


SCIBVCB  DmsioH. 
(^^Inepeeter  for  SeieM*,  Capt.  Donnelly, 

Oectuiimal  Ineptctor*,  P.  J,  Sidney*  I<L  I>* ; 
Cttt  Harrisrt.LG.  {NatfigoHon). 
Brammer,  G.  C.  T.  Bartley. 
fmjifl9m»tar$  A*9iitami  S^aminer,  T.  Heatey. 


IVq/MonoZ  SxawUnenfor  Seienee, 
Satgeet 

L-PrMfoO^lane,  and  solid  Geometry.— 

IL-Mateidiis  CMUtructkm  and  Drawing.— 
  T.  Bradley. 

m.— Building  Construction.— T.  Bradley. 
m—Natal  Azchitectore.— W.  B.  Baskoomb. 
IV.-ElQBientaiy  Mathematics.— Bey.  B.  M. 

Cbwic,  B.D. 
T.— Mathematfos.— Bev.  JToseph 

woolley.  LL.D. 
yL--Tbeoretkal  Mechanics.— Eev.  John  P. 

Twiaden.  M.A. 
ni.— Applied  Mechanics.— J.  Anderson,  C.E. 
TUL-Aooostics,  Li^t,  and  Heat.— J.  Tyn- 
_  daIl.l]LD.,PJL8. 
QL-MagDetism  and  Electricity.— J.  Tyn- 

^U,LL.D..  F.RA. 
X.— Inorguic  Chemistry.- E.  Prankland, 
^  PhJ),P.E.8. 

XL— Ornnie  Chemistry.— E.  PranUand, 
  Ph5L.P.BJB. 

HL— Geokjgy.- A.  C.  Ramsay,  LL.D.,  P.R.8. 
XnL-Mm«Siigy.— W.  W.  Smyth,  M.A., 

XI?.-Aninial  Physiology.— T.  H.  Huxley. 
_      LLD^  pSlS. 

X?.-ZoologT.-T.  H.  Huxky.  LLJ)..  P.B.8. 
XVL— YemSble  Anatomy  and  Physiology.— 

T.  Thomson,  MJ),  P.B^S. 
XVH.— Systematic  and  Bconomic  Botany.— 

Xm-MiiiS-^nV^toj5i,^i^  PAS. 


Subject. 

XIX.— Metallurgy.— J.  Percy.  M J)..  P.R.S. 
XX.-Navi9kti0n.-Rev.  J.  Woolley.  LLJ). 
XXI.— Nautical  Astronomy.— Rev.  J.  Wool- 
ley,  LL.D. 
XXII.— Steam.-^.  M.  QoodAve,  M.A. 
XXm.-PlyF»ical  Geography.-D.  T.  Ansted. 
M  JL.,  P.BmS. 

AST  DlYIBIOV. 

Tn^^^tor-Oeneral  for  Art,  Richard  Redgrave, 

Offleial  Inepeetorfbr  Art,  H.  A.  Bowler. 
Oeeaeional  Intpector*.  S.  A.  Hart,  RJL. ';  Eyre 

Crowe :  P.  B.  Barwell. 
OjgHcial  Examiner,  E.  P.  Bartlett. 
Profeetional  Examiner*,  Sir  P.  Grant,  P.RJL ; 

Sb  M.  Digby  Wyatt;  D.  N.  Madiae.  RJL; 

J.  C.  Horsley,  RJL :  R.  Westmacott,  RJl. : 

R.  Redgrave.  R.A.;F.  Leighton,  R.A.:  P.  R. 

Plckersirill,  RA.;  B.  J.  Poynter,.  AJLA.}  J. 

MarshaD,  P.R.S.,  P.R.C.S. 
Oecaeional  Exammtere,  Rev.  J.  H.  Edgar,  M  JL. ; 

G.  M.  Atkinson ;  G.  8tewart ;  G.  R.  Redgrave. 

Inepeotors  qf  Local  School*  of  Science  and  Art, 
rTg.  Wylde ;  J.  P.  Lralin,  M.A. 

Organieing  Master,  J.  C.  Buckmaster,  P.C.S. 

South  KsirszvaTov  Musbith. 

General  Superintendent^  Henry  Cole,  G.B. 
Mnteum  Snperintendent*,  R.  'A.  Thompson ;  P. 

Cunliffe  Owen ;  Capt.  £.  R.  Pesting,  R.E. 
Director  of  New  Building*,  Lieut.-Col.  Scott, 

R.B. 

Decorative  ArtUt*.  J.  Gamble)  R.  Townroe;  P. 
W.Moody. 

Editor  of  Catalogue*  and  Eefereefor  Librarie*, 
J.  H.  Pcllen,  M  JL.,  late  Pellow  of  Merton  Col- 
lege, Oxford. 

Mueeum  Keeper  {Art  CoUeetion*),  G.  WaUis. 

JfaMNSi  Keeper  (National  Art  Library),  R.  H. 
Soden  Smith,  MJL.,  Trinity  College,  Dublin, 
P.SA. 

AsHstant  Musfum  Knpers,  W.  Matchwickj  H. 

Bandham  ;  R.  Ljkskey ;  C.  B.  Wonnon;  &.  P. 

Bketohlev,  £xeterOolI«nOlftirar 

Acton ;  J-  \V.  Appell,  PhJKiXaKinfeFJU.  1 

C.  A,  Pierce;  T.  Clack. 
Supplementary  A**i*tani  Keeper,  C.  C.  BhMk, 

M.  A.,  Trinity  College,  Cambridge. 
Mueettm  Clerks,  J.  B.  Rundell ;  51.  Webb. 
Supplrmtntaru  Clerks,  H.  Vornon;  A.  Masson; 

\Y.  K.  Strratfeild ;  F.  Coles :  J.  Barrett ;  C.  H. 

Derby;  W.  G.  Johnson;  0,  T.  Townshsndi 

G.  U.  Wallis ;  C.  B.»SlBI«  .  ^  ^ 

Superintendent  of  At  IfMOl  M^mmmt  Op  W. 

x£QRiidd.PJUi. 

Natioval  Abt  Tbaivivg  School. 

Head  Master,  Richard  Buichett. 
Deput9HeadMa*ter,B^Vr,  Herman. 
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Mechanical  and  Architectural  Drawingt  H.  B. 
Hagreen. 

Oeotnetry  and  Pertpective,  E.  S.  Bnrchett. 

Paintinp,  Freehand  Dratoing  of  Ornament,  Ae^ 
the  ¥%gure  and  Anatomp,  and  Ornamental 
JMffn,  B.  Burchettj  JBL  W.  Herman;  W. 
Benbv ;  B.  CoUhuon ;  C.  P.  Slooombe. 

JIfodtfttMiflr,  P.  M.Miller. 

X^g|^j9m'nt0miM»^  qf  Female  Students,  Miss 

Female  Teachers,  Mrs.  S.  E.  Casabianca;  Miss 
Channon. 

Lecturer  on  Anatomy,  J.  Marshall,  P.B^S., 
P.E.CJB. 

fiOYAL  School  ov  Natal  AscairEoruss 

AKD  Mabivb  EvouTBBBnro. 
Inspeetor-Oeneral,  Eer.  J.  WooUtr.  LLJ). 
Prkteipal,  0.  W.  Merrifleld,  P.K.8. 
Instructor  in  NawU  Drawing,  W.  B.  Baskootnb. 
Instnu^torinBngineenna  and  Applied  Mecha- 
nics, J.  H.  Cotterill.  mJ. 
JSngineerina  Drawing,  J.  Mazton. 
Practical  Chemistry,  J.  Davidson. 
Frsncht  M.  Penon. 


GEOLOGICAL  STJEYET. 

Direet^-General  Sir  E.  L  Murchison.  Bart., 

'^lTi) f 'li  s"^^''  ^      Wales,  A.  C.  Eemsay. 
Director  for  Inland, 
•S^^H^L&'J^^^^  ^  <5teikie,  P.R.8. 

BOYAL  SCHOOL  OP  MINES. 
•^>»;<o»%  Sir  R.  I.  Murchison.  Bart..  K.C3., 

Keeper  of  Mining  Records,  Bobert  Hunt.  P.R.8. 
Assistants,  BJchard  Meade,  James  B.  Jordan 
Registrar,  Curator,  andlAbrarian,  T.  Reeks. 
Assistant  Lihrarian,  T.  Newton. 
Assistant  Curator,  P.  W.  Rudler. 

Pbopbssobs. 
Chemistrg,m:wta^  FrankJand.  PhJ)., P.R.8. 
Natural  Hietorv,  T.  H.  Huxley.  LL.D,  FJLS. 
Physics,  P.  Guthrie,  B Jk..  Ph.  D. 
^PPljfd  Mechanics,  T.  M.  Goodeve.  M.A. 

J.  Percy.  M.D.,  P.R.8. 
Geology,  A.  C.  Bamsa^-,  LL.D.,  F.R.S. 


Mining  and  Mineralogy,  W.  W.  Smyth,  MJL. 
P.R.S. 

Mechanical  Drawing,  Rev.  J.  H.  Edgar.  M.A. 
Museum  open  every  dioy  but  Frid^,  except  from 
the  10th  of  August  to  the  10th  of  September. 


EDINBURGH  MUSEUM  OP  SCIENCE  AND 
ART. 

Director,  Professor  T.  C.  Archer,  P.RJ3.E. 
Keeper  qf  Natural  History  Museum,  ProfSessor 

AlUnan.  MJ)..  P.B8. 
Curator,  Alexander  Ghdletlr. 
Assistant  in  Natural  History  Museum,  J. 

Davies. 
Clerks,  J.  PsAm ;  J.  Gibson. 


BOYAL  COLLEGE  OP  SCIENCE.  DUBLIN. 

Dean  nfFlaeuUy.SiT  B.  Kane^  F.B.S. 
Secretary.  P.  J.  Sidney.  LLJ). 
Curator  qf  Museum,  A.  Gages. 
a«-*,G.C.Ptany. 

PsonsaoBS. 
P%§tle$t  W.  Barker,  M.D. 
aiemistrp,  W.  K.  SulUvan.  Ph.D. 
Applied  Chemist fy,  R,  Galloway. 

Geology^ 

Applied  :^Tathematics,  Robert  Ball.  M.A. 
Botany,  W v\i  1 1  u  Thomson,  LLJ).,  F.HJ8. 
Z,'>nlur/i,.  IL  U.  Triquair.  MJ). 
All riciiU lire,  E.  W.  l>ikvy,  M.B. 
Drftcripttve  Geometry  and  Drawing,  Thomu 
F.  Pigot. 

Mining  and  Minaralogy,  J.  P.  0*BetI]y. 
Dun  ail  sf  rotor  in  Pautontology,  WTh.  Baily, 

.iMiieati^  Chemist,  W.  Plunkett. 

BOYAL  DUBLIN  SOCIETY. 
President,  His  Excellency  the  Lord  Lieutenant. 
Secretaries,  G.  W.  Maunsell,  A.M.;  Lavraice 

Waldron,  DX. 
iSoffwenir  ofMi  Assistant  Secretary,  W.  £. 

Steele.  M.D. 
Treasurer,  dkc..  H.  C.  White. 
Director  of  Natural  History,  A,  Carte,  M.D. 
Keeper  qf  Minerals,  Dr.  J.  Emerson  Reynolds. 
Librarian,  E.  B  P.  Collis. 
Director  of  Manic  Gardens,  Giasnevin,  D. 

Moore,  Ph.D. 

ZOOLOGICAL  GARDENS,  DUBLIN. 

Secretaries,  Professor  M*DoweL  MJ).:  Rev.S. 
Haughton,  M.D.,  F.R.S. 
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SCIENCE  DIRECTORY, 


Showing  the  Nature  and  Amount  of  Assistance 
afforded  by  and  through  the  Science  and  Art 
Department  to  Instruction  in  Science. 


{The  Rifles  in  the  present  Edition  supersede  those  in  all  former  Editions,  bat 
tre  alvnys  subjeet  to  Berision.  Inaortant  AheraHons  made  sinet  the 
kui  iditum  qf  the  Directory  art  printed  in  Italics.'] 


A  sum  of  money  is  voted  annually  by  Parliament  FarUamentary 
*    for  scientific  instruction  in  the  United  Kingdom,  and 
is  administered  by  the  Science  and  Art  Department. 

The  head  of  the  Education  Department,  of  which  Heads  of 
the  Science  and  Art  Department  is  a  branch,  is  ment^^' 
the  Lord  President  of  the  Council,  assisted  by  a 
member  of  the  Privy  Council,  who  is  called  the  Vice- 
President  of  the  Committee  on  Education,  and  who 
acts  under  the  direction  of  the  Lord  President,  and 
for  him  in  his  absence.  (Order  in  Council,  25th 
February  1856,  Act  19  &  20  Vict.  c.  116.) 

The  object  of  the  grant  is  to  promote  instruction  object  of  the 
in  Science  especially  among  the  industrial  classes, 
by  affording  a  limited  and  partial  aid  or  stimulus 
towards  the  founding  and  maintenance  of  Science 
schools  and  classes. 

The  amount  is  liable  to  be  decreased  and  eventu-  Grant  UaWe  to 
ally  withdrawn.    Payments  to  teachers  therefore  ^ 
must  not  be  looked  upon  as  perpetual,  or  in  any  way 
conferring  on  the  teacher  a  claim  to  any  payments 
beyond  ti^ose  offered  for  each  current  year. 

The  payment  of  fees  b^  the  students  can  be  Payn^nt  of 
looked  upon  as  the  only  solid  and  sufficient  basis  on  st^enti. 
which  a  self-supporting  system  can  be  established 
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and  supported.  Though  my  Lords  do  not  consider 
it  necessary  at  present  to  lay  down  any  rules  making 
the  payment  of  fees  an  absolute  condition  of  the 
grants  on  account  of  Science  instruction,  yet  as  the 
payments  from  the  State  must  be  expected  to  dimi- 
nish, and  as  aid  on  account  of  those  persons  who  do 
nothing  for  themselves  cannot  be  justified,  Com- 
mittees of  schools  and  classes  and  teachers  are 
strongly  urged  (should  it  at  present  not  be  the  prac- 
tice) at  onoe  to  impose  as  high  a  scale  of  fees  as 
they  consider  can  be  raised  not  only  cm  middle  class 
students  but  also  on  artisans. 


The  following  is  a  general  outline  of  the  action  of 
the  Department  for  the  benefit  of  those  who  wish  to 
establish  a  Science  School  or  Class,  At  p.  10  will 
be  found  the  detailed  rules  and  regulations  under 
which  the  aid  of  the  Department  is  administered. 


Jjocal  com 
mittees. 


Subjects  of 
infitmction. 


Nature  of  aicL 


Summary  of  the  Aid  Oranted  by  the  Science  and 
Art  Department  to  Science  Schools  and  Classes. 

1.  In  order  to  place  a  Science  school  or  class  in 
connexion  with  the  Department,  an  approved  com- 
mittee, consisting  of  at  least  five  well-known  and 
responsible  persons  must  be  formed.  (See  Rules  IV. 
and  v.,  pp.  11  and  12.) 

2.  The  list  of  Science  subjects  towards  instruction 
in  which  aid  is  given  by  the  Department  will  be 
found  at  p.  10. 

3.  The  aid  is  given  in  the  form  of~ 

a.  Public  examinations,  in  which  Queen's  Medals 

and  Queen's  Prizes  are  awarded,  held  at  all 
places  complying  with  certain  conditions. 

b.  Payments  on  results  as  tested  by  examination. 

c.  Scholarships  and  exhibitions.  . 
(2.  Building  grants. 

e.  Grants  towards  the  purchase  cf  apparaibus,  &c. 
/.  Certain  supplementary  grante. 
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The  Exannnatioii8  are  held  in  Mny  by  4lie^B^>^uui<»>» 
JqmI  owoBQttees;  The  .examinatitti  paners  are  pre-  ^ 
glared  j)j4be  px^fesabiial  ezami&ers  in  LondDn,  and 
«^  scint  jU)  the  local  secretaries ;  one  evening  is  Bet 
apwt  for  each  mbject,  so  that  the  examination  in 
.each  sulgect  is  simultaneous  over  the  whole  kingdoib. 
^>Ste  Rule  X.,  p.  14.) 

5.  The  examinations  are  of  two  kinds,  but  hdd  dan  ezaminft- 
4ogether  {See  Rule  XL,  p.  14.),  viz. :  ^"""^ 

a.  The  class  examinations,  of  which  there  are  two 
grades  or  stages ;  the  first  stage  or  elementanr 
-       examination,  and  the  second  stage  or  ad- 
•     -  yanced  examination.   Those  successful  in  the 
elementary  stage  are  divided  into  1st,  2nd, 
and  3rd  class,  and  those  successful  in  the 
advanced  stage  into  1st  and  2nd  class. 
The  honours  examination,  of  a  highly  advanced  For  Honours. 
-  character. 

Any  person  however  taught  may  sit  at  aHy  one  of 
these  examinations.    {See  Rule  XIX.,  p«  16.) 

6.  Four  medals,  one  gold,  one  silver,  and  two  Medals, 
bronze,  aire  given  in  each  subject  in  competition  in 

^e  class  examinations  among  the  students.  {See 
Rule  XXI^  p.  17.) 

7.  Queen^s  prizes  consisting  of  books  or  instru- Maes, 
ments  are  also  given  to  all  candidates  successful  in 
obtaining  a  first  olass  in  either  stage  of  the  class 
examinations.    {See  Rule  XX.,  p.  170 

8.  Payments  are  made  to  the  Committees  or  to  ^JJJ^*"  ®° 
the  teachers:  on  the  results  of  the  May  examination. 

Any  person  may  qualify  bimself  or  herself  to  earn 
payments  on  results : 

a.  By  obtaining  a  first  or  second  class  in  the  ad-  Qoaiification. 
vanced  grade  of  the  class  examination,  or 

i.  by  taking  honours. 

.  This  examination  is  dispensed  with  when  the  can- 
didate has  taken  a  degree  at  one  of  the  Universities 
^f  tihe  Viviifid  I^ingdom. .  {See  Ruje  XXII.,  p.  17.) 

9*  Pajiments  are  made  only  on  account  of  theAiaMmtof 
instroction  of  students  of  the  artisan  atod  ipdustqal  ^^"^ ' 
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Elementary 
school  scholar' 
ship. 


dasdes,  or  on  account  of  the  instracUon  of  their 
<Mdren.  {See  Rule  XXV.,  p.  19.)  The  payments 
claimable  for  each  such  student  in  each  subject  are— 
SL  for  a  first  class  in  the  elementary  stage,  21.  for  a 
second  class,  and  11.  for  a  third  class;  and,  after  a 
student  has  passed  in  the  first  stage,  a  further  pay- 
ment of  4/.,  3/.,  or  2L  (according  to  his  previous  suo- 
cesfi  in  the  elementary  stage)  for  a  first  class,  and  of 
32.,  2/.,  or  1/.  for  a  second  class  in  the  advanced  stage. 
{See  Rules  XXVL  and  XXVU.,  p.  19.)  The  total 
amounts  claimable  are  reduced  in  the  case  of  previous 
successes  and  acox'ding  to  a  certain  scale  when  the 
amount  exceeds  60/.  {See  Rule  XXVIII.,  p.  20.) 
Cooditioii.  10.  The  teacher  must  have  given  each  student 
25  lessons  at  least,  and  payments  on  results  are  made 
either  directly  to  the  teachers  or  to  the  onnmittee 
of  the  school  {See  Rules  XXIII.  and  XXIV.,  p.  18.) 
Scholarships.  IL  There  are  two  forms  of  scholarship  in  con- 
nexion with  elementary  schools. 
a.  In  the  Elementary  School  Scholarship  5/.  are 
granted  to  the  managers  of  any  elementary 
^  school  for  the  support  of  a  deserving  pupil 
selected  by  competition,  if  they  undertake  to 
support  mm  for  a  year  and  subscribe  5/.  for 
that  purpose.  The  payment  of  5/.  by  the 
Science  and  Art  Department  is  conditional 
on  the  scholar  passing  in  some  branch  of 
science  at  the  May  examination.  {See  Rules 
XXXVIL  and  XXXVIIL,  p.  23.) 
i.  The  Science  and  Art  Scholarship  is  of  a 
more  advanced  character.  A  similar  contri- 
bution of  5/.  is  required  on  the  part  of  the 
locality.  A  grant  of  10/.  is  made  by  the  De- 
partment towards  the  maintenance,  for  one 
year,  of  the  most  deserving  pupil  or  pupils  in 
elementary  schools  who  have  jpassed  certain 
examinations  in  science  and  in  drawing.  {See 
Rules  XL.  and  XLI.,  p.  24.) 
In  both  these  cases  the  scholar  must  be  from  12  to 
16  years  of  age,  and  one  scholarship  is  allowed  per 
100  pupils  in  the  school. 
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12.  The  Exhibitions  are :—  Bxhibitioiis. 
<k  XiOcal  Exhibitions  to  enable  students  to  com-  Local  ezhibi- 

plete  their  education  at  some  college  or  school 
where  scientific  instruction  of  an  advanced 
character  may  be  obtained.  Grants  of  25/. 
per  annum,  for  one,  two,  or  three  years  arft 
made  for  this  purpose  when  the  locality  raises 
a  like  sum  by  voluntary  subscriptions.  And 
if  the  student  attend  a  State  school,  such  as 
the  Royal  School  of  Mines  in  London,  the 
Royal  College  of  Chemistry  in  London,  or 
Koyal  College  of  Science  in  Ireland,  the  fees 
are  remitted.  The  exhibition  must  be  awarded 
in  competition.  ( See  Rules  XLV .  and  XLY I., 
pp.  25  and  26.) 
b.  Royal  Exhibitions  of  the  value  of  50/.  per  Boy«i 
annum  tenable  for  three  years,  to  the  Royal 
School  of  Mines,  Londcm,  and  the  Royal 
College  of  Science,  Dublin,  are  given  in  com- 
petiticm  at  the  May  examinations.  Six  are 
awarded  each  year — ^three  to  each  institution. 
Free  admissions  are  also  given  to  all  gold  me- 
dallists. {See  Rules  XLVIIL  to  LIL,  p.  27.) 

13.  Besides  these,  the  Whitworth  Scholarships  wutworth 
of  the  value  of  100/.  per  annum,  tenable  for  two  or  SchoianUps. 
three  years,  are  also  given  in  competition  at  the  May 
examinations.    {See  Rule  LIIL,  p.  27-) 

14.  A  grant  in  aid  of  a  new  building,  or  for  the  Building  grant 
adaptation  of  an  existing  building,  for  a  School  of 

Science  may  be  made  at  a  rate  not  existing  2^.  6d. 
per  square  foot  of  internal  area,  up  to  a  maximum 
of  500/.  for  any  one  school,  provided  that  certain 
conditions  are  complied  with  and  that  the  school — 

a.  be  built  under  the  Public  Libraries  and  Museums 

Act;  or — 

b.  be  built  in  connexion  with  a  School  of  Art, 

aided  by  a  Department  building  grant. 
{See  Rule  LIV.,  p.  280 

15.  A  grant  towards  the  purchase  of  apparatus.  Apparatus 
diamms,  &c.,  of  50  per  cent,  of  the  cost  of  them  is 

made  to  Science  Schools.    {See  Rule  LV.,  p.  28.) 
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OETAILED  REGULATIONS  UNDER  WHICH  SCIENCE  SCHOOLS 
AND  CLASSES  ARE  ADWHNIilTERED. 

lifltofSeienee  I.  The  following  are  the  Sciences  towards  instruc- 
•ubjecta.       ^j^j^     which  aid  is  given : — 

Subject  1,  Practical    Plane    and    Solid  Geo- 
metry. 

„      2,  Machine  Construction  and  Drawing. 
„      3,  Building     Construction    or  Naval 
Architecture  and  Drawing. 
.  „      4,  Elementary  Mathematics. 
^  5,  Higher  Mathematics. 

*  „      6,'  Theoretical  Mechanics. 
„       7,  Applied  Mechanics. 

„       8,  Acoustics,  Light,  and  Heat. 

„       9,  Magnetism  and  Electricity. 

„     10,  Inorga,nic  Chemistry. 

„     11,  Organic  Chemistry. 

„     12,  Geology. 

^,     13,  Mineralogy. 

„     14,  Animal  Physiology. 

16,  Zoology.* 
„     16,  Vegetable  Anatomy  and  Physiology. 
99     17 9  Systematic  and  Economic  Botany. 
„     18,  Principles  of  Mining. 
„     19,  Metallurgy. 
„     20,  Navi^tion. 
„     21,  Nautical  Astronomy. 

22,  Steam. 
„     23,  Physical  Geography. 

Nature  of  aih      IL  The  assistance  granted  by  the  Science  and  Art 
Department  is  in  the  form  of— 

1.  Public  examinations,  in  which  Queen's  Medals 

and  Queen's  Prizes  are  awarded,  held  at  all 
places  complying  with  certain  conditions. 

2.  Payments  on  results  to  Committees  or  teachers. 

3.  Scholarships  and  Exhibitions. 

*  Ko  duididateiriU  be  passed  ui  Zoology  unless  lit  tke  ssme  or  atm  preTioas 
ezaminatioii  he  has  passed  ia  the  elementary  stage  of  Animal  Fhysiolog;. 
(SseSyllalms^p.  118.) 
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4.  Btdlding  Grtints.  • 

5.  Grants  towards  the  purchase  of  apparatus,  &c. 

6.  Supplementary  grants  in  certain  subjects,  and 

special  aid  to  teachers  and  students. 

Note. — As  respects  all  grants  and  awards, 
the  Department  will  be  the  sole  judge^  and 
cannot  enter  into  correspondence  respecting 
its  decisions. 

III.  Suitable  premises,  with  firing,  lighting,  &c.,  School  Pre- 
must  be  found  and  maintained  at  the  cost  of  the 
locaKty  where  the  school  or  class  is  held.    If  at  any 

time  the  funds  do  not  cover  these  requisite  local  ex- 
pensesy  it  must  be  inferred  that  there  is  no  such 
demand  for  instruction  in  the  locality  as  the  Govern^ 
ment  is  justified  in  aiding ;  and  the  assistance  of  the 
Department  will  be  withdrawn. 

A  school  or  class  receiying  ud  from  the  Science  and  Art 
Department  mast  be  at  all  times  open  to  the  visit  and 
inspection  of  its  officers  ;  if  at  any  time  it  is  found  that 
the  apparatus,  examples,  &c.,  towards  the  purchase  of- 
which  a  grant  has  been  made  is  not  properly  taken  care 
of^  or  that  a  proper  room  with  firing,  lighting,  Ac.  Is  not 
provided  for  the  class,  the  aid  of  the  Department  will  be 
withdrawn. 

IV .  Every  Science  School  or  Class  must  be  under  ConBtitatioii  of 
the  management  of  a  Local  Committee  who  are  ^J^SL^"*' 
required  to  be  responsible  for  the  safe  custody  of  all 
apparatus,  towards  the  purchase  of  which  the  Depart- 
ment has  granted  aid,  and  to  conduct  the  examina- 
tions according  to  the  rules.    (See  Science  Form»  ' 
No,  91,  p.  470 

The  relation  of  the  teacher  to  the  Committee  of  a 
school  or  class  will  vary  much  according  to  the  vary** 
ing  circumstances  of  different  localities.  With  this 
and  other  local  arrangements  the  Science  and  Art 
Department  does  not  interfere,  but  leaves  them  to 
the  locality,  to  settle. 

0.  The  Committee  must  oondst  of  a  Ohairman,  Secretaiy, 
and  at  least  three  other  members,  and  must  be  composed 
endrelj  of  well-known  responsible  persons  of  independent 
position  who  have  no  sncti  personal  interoBt  in  the 
school  or  cIass  as  can  laj  them  open  to  the  slightest 
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snspicion  of  partiality.  Relations  and  pnpUs  of  the 
Teacher,  persons  under  instruction  in  anj  school  or 
class  receiving  aid  from  the  Science  and  Art  Depart- 
ment, and  teachers  of  any  description  having  pupils 
who  are  candidates  for  the  examinations  of  the  Depart- 
ment, are  not  eligible  as  members  of  the  Committee. 

NoT£. — A  gentleman  whose  son  attends  any  exami- 
nation of  the  Science  and  Art  Department  is  thereby 
disqualified  from  superintending  any  of  the  examinations 
that  year,  though  he  may  act  on  the  Committee  in  other 
respects* 

b.  It  is  very  desirable  that  as  many  persons  as  possible  in 

recognised  positions  of  public  responsibility  in  the  dis- 
trict, such  as  magistrates,  municipal  authorities  (mayor, 
aldermen,  or  town  councillors),  heads  of  educational 
establishments  (trustees  of  grammar  schools,  managers 
of  National  schools),  clergymen,  &c.,  should  be  on  the 
Committee,  and  it  is  absolutely  necessary  that  at  least 
two  such  responsible  persons  should  agree  to  act. 

c.  The  Chairman  must  be  a  magistrate,  mayor,  borough- 

reeve,  provost,  or  alderman,  or  other  public  officer  of 
recognised  position,  trustee  of  grammar  school,  or 
clergyman  of  the  Established  Church  in  parochial  em- 
ployment. He  will  have  to  certify  that  the  constitution 
of  the  Committee  is  in  accordance  with  the  above  re- 
quirements.  {See  Science  Form,  No.  88,  p.  37.) 

d.  The  Secretary  of  the  Committee  of  the  School  or  Class, 

as  being  the  medium  of  communication,  will  carry 
on  all  correspondence  with  the  Science  and  Art  De- 
partment, and  is  held  responsible  for  making  out 
and  sending  all  returns  required,  for  the  receipt  and 
distribution  of  the  examination  papers,  the  transmission 
of  the  worked  papers,  &c.,  at  the  proper  times  accord- 
ing to  the  regulations. 

Fonnaticgiof  V.  The  gentlemen  who  intend  to  act  on  this 
Loo^Com-  Committee  must  sign  their  names  to  a  form  {write 
for  Science  Forms,  Nos.  88  and  120),  stating  their 
willingness  to  carry  out  the  necessary  arrangements 
for  examinations,  and  to  observe  all  the  regulations 
of  the  Department ;  each  member  after  signmg  must 
also  give  his  address  and  occupation.  Care  must 
be  taken  that  the  members  who  sign  are  properly 
acquainted  with  the  duties  they  propose  to  discharge. 

When  a  school  or  class  is  first  formed,  the  Form  No.  88  must 
be  signed  at  a  general  meeting  of  the  Committee.  If  the 
same  Committee  continue  to  act  it  will  only  be  necessary 
to  fill  up  Form  No.  168,  which  expresses  the  willingness 
of  the  members  to  undertake  their  duties  for  another 
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je9T;  but  no  ohq  ma  be  a  member  of  a  Committee  nor 
asnst  in  the  condact  of  an  examination  who  has  not  signed 
Form  No.  88. 

VI.  As  soon  as  a  school  or  class  has  been  esta-  Approrti  of. 
blishai  aod  the  Committee  formed^  application  must  d«p«^ 
be  made  that  it  may  be  approved  by  tne  Department 
{send  up  Science  Forms  Nos.  88  and  120).  No 
payments  on  account  of  instruction  will  be  made 
unless  this  approval  has  been  obtained  before  the 
Slst  January  preceding  the  examination. 

When  a  Committee  has  been  formed  for  eondaoting  an  ex- 
amination onljy  or  for  the  management  of  a  class  or  school 
not  xeceiTing  aid  from  tbe  Department  (wUe  far  Science 
Form  No.  880)  it  must  be  approved  before  the  Slst 
Mareh. 

VIL  Far  the  clerical  labour  qf  making  the  neces^  BMMnemmu 
sanf  returns^  .fiUi^g  wp  forms^  Sfc.^  my  Lords  have  ^/^^w^*'^*- 
sanctioned  a  grant  to  the  Committee  qf  1/.,  which 
will  be  paid  c^er  the  conclusion  qf  the  examinations. 

When  more  than  two  examinations  are  held  the 
sum  qf  lOs.  will  be  allowed  to  the  Committee  for 
each  Jurther  examination  for  the  expenses  connected 
with  it. 

These  grants  will  okly  he  made  provided  the  examinations 
are  regularly  conductedy  and  the  retumi  and  forms  sent 
up  ui  due  course^  as  given  on  the  Science  Form  Xo,  170. 
^See  p.  36.) 

yjll.  As  often  as  may  be  necessary  an  Inspector  of  inspeetioii. 
the  Department  will  visit  the  school  or  class,  and 
will  report  to  my  Lords  on  the  condition  of  the 
premises,  the  constitution  of  the  Committee,  and 
the  manner  in  which  the  regulations  are  carried  out. 

If  due  notice  of  the  visit  of  the  Inspector  has  been  given, 
a  meeting  of  the  Committee  must  be  held  to  receive  him, 
at  which  as  many  of  the  members  as  possible  are  expected 
to  attend.    (See  Science  Form  No.  ifo,  p.  36.) 

IX.  At  page  36  will  be  found  a  table  of  memo- 
randa  for  the  use  of  Secretaries  and  Members  of 
Science  Committees  {write  jbr  Science  Form  No. 
170)  which  it  is  expected  will  be  carefully  attended 
to. 
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Examinations. 

X,  The  Science  and  Art  Department  holds  an- 
nually about  May,  through  the  agency  of  the  Local 
Committees,  public  examinations  in  all  the  before- 
mentioned  Sciences  in  any  place  in  the  United 
Kingdom  which  complies  with  the  requisite  condi- 
tions.   (See  Rule  IV.,  p.  11.) 

XI.  The  examinations  are  of  two  kinds,  but  are 
held  on  the  same  evening  and  conducted  l)j  the  sanae 
Committee  :— 

a.  The  class  examinations  for  students  under 
instruction  in  Science  Classes  whether  taught 
by  teachers  qualified  to  earn  payments  on 
results  or  not. 

b.  The  honours  examination,,  of  a  highly  advanced 
character. 

The  class  examination  is  of  two  grades  or  stages ; 
the  first  stage  or  elementary  examination,  and  the 
second  stage  or  advanced  examination.  On  this  ex- 
amination the  payments  on  results  and  prizes,  &c.  are 
awarded  as  specified  in  Rules  XX.  and  XXL,  p.  17^ 
and  Rules  XXVII.  and  XX VIII.,  pp.  19  and  20. 

XIL  At  the  class  examinations  the  grades  of  suc- 
atioM.  — elementary  stage,  first, 

second,  and  third  class;  and  in  the  second  or  ad- 
vanced stage,  first  and  second  class.  For  the  third 
or  lowest  class  the  standard  of  attainment  is  only 
such  as  will  justify  the  Examiner  in  reporting  that 
the  instruction  has  been  sound,  and  that  the  students 
have  benefited  by  it ;  but  the  standard  may  be  raised 
from  year  to  year. 

In  the  examination  for  honours,  the  grades  of 
success  are  first  and  second  class. 

icoHon/or  XIII.  An  appHcoHoTiy  stating  in  what  subjects 
iMuuum,  ^afjfiinatibn  will  be  required^  must  be  made  on 
Science  Form  No.  329,  dnd  sent  in  before  the  2Bth  of 
Fehruartf.  A  second  form  {Science  Form  No.  119) 
must  be  sent  in  before  the  Zlst  of  March^  gwtng-  the 
precise  number  of  candidates  to  be  examined  in  each 
subject. 
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OntheSlsi  of  March  the  examination  lists  must 
he  JinaUy  closed,  and  unless  these  instructions  have 
been  strlctlj  adhered  to  no  esaminati&n  can  be 
held. 

The  ruks  far  the  conduct  of  the  examinations  mil  be  found 
on  Science  Form  iVo.  91,  (see  p.  47).  The^  must  be 
carried  out  with  the  utmost  strictness. 

XIV.  Should  there  be  at  any  time  reason  to  suspect  Re^ennJ- 
the  feimess  of  the  examination  generally,  or  of  the 
way  in  which  particular  candidates  have  worked  their 
papers,  a  further  examination  will  take  place  in  such 
manner  as  may  be  deemed  most  advisable.  Refusal 
on  the  part  of  any  candidate  to  answer  will  entail  the 
canoeUmg  of  his  previous  examindtion^ 

XK  All  possible  care  will  be  taken  by  the  i>epanmaanu 
Department  at  the  time  of  the  examinations  ihat^^^ 
papers  may  be  forwarded  in  accordance  with  the 
applications^  arid  that  the  results  may  be  correctly 
issued.  ASf  however^  a  very  large  number  of  classes 
have  to  be  dealt  with^  mistakes  may  possibly  occur. 
The  Department  cannot  undertake  to  rectify  such 
mistakes^  nor  will  it  hold  itself  responsible  for  any 
loss  which  may  in  consequence  accrue  to  individml 
committeeSj  teachers^  or  students. 

XVI.  If  two  or  more  classes  in  the  same  town^  or  Am^gamaHon 
within  a  reasonable  distance  of  one  driother^  apply  for  ^^5^^ 
the  examination  of  the  Science  and  Art  Department, 

a  general  examination  committee  must  be  formed  by 
the  amalgamation  of  the  several  Committees  to  carry 
out  tlie  examinations  at  some  common  centre^  such 
as  the  town  hall  or  other  public  building.  It  is  only 
tchen  the  Inspector  reports  that  the  tocal  circum- 
stances  are  of  such  a  character  as  to  render  an 
amalgamation  of  the  Committees  impracticable  that 
it  will  not  be  insisted  on. 

tfhen  there  are  not  more  than  three  candidates  in  one  place, 
it  will  be  at  the  discretion  of  the  Department  to  allow  a 
separaie  examinatiany  or  to  require  the  candidates  to  go  io 
a  neighbouring  centre. 

XVII.  In  large  towns  or  populous  districts  where  §^^J^ 
there  are  three  or  more  schools^  and  where  numerous 
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examinations  are  to  he  held,  my  Lords  may  at  their 
discretion  require  a  Special  Local  Secretary  to  be 
appointed  to  manage  the  whole  of  the  examination 
btcsinesSf  and  will  correspond  with  him  alone  on  cUl 
subjects  connected  widh  the  examination.  He  wUl  be 
allowed  a  fee  of  ten  guineas,  and  an  extra  fee  of  half 
a  guinea  for  each  night  that  an  examination  is  held. 

The  rule  requiring  an  amalgamated  examination  id  be  held 
in  some  one  public  building  (see  Bule  XVL)  will  be 
adhered  to  also  in  this  case.  Even  where  no  sufficieniiy 
large  ptiblie  building  can  be  obtained,  or  where  there  may 
he  other  insuperable  difficulties  to  holding  the  examina^' 
tions  at  one  centre,  the  one  Special  Local  Secretary 
must  still  be  the  one  medium  of  communication  with  the 
Department,  and  wUl  be  responsible  for  all  arrangements 
subject  to  the  approval  of  the  Science  and  Art  D^Htrt" 
ment 

Election  cf  XVIIL  The  elecOon  of  the  Special  Local  Secre^ 
jc^r^T^  ^^S/  will  rest  with  the  Local  Committees;  or  failing 

their  coming  to  an  agreement  he  will  be  nominated 

hy  the  Mayor  or  other  principal  municipal  authority. 
The  Special  Local  Secretary  will  be  nominated  for 

the  approval  of  my  Lords  from  year  to  year,  before 

the  I5th  of  March. 

szamination  XIX.  Besides  the  registered  students  of  a  class, 
jti^raS^  any  other  person  may  present  himself  for  examina- 
tion before  the  Local  Committee  whenever  an  exami- 
nation is  being  held  for  the  class.  Before  the  26th 
of  March  he  must  apply  to  a  Local  Secretary,  who 
will  forward  his  name  to  the  Department  on  Science 
Form  No.  119,  and  if  required  by  the  Local  Com- 
mittee he  will  have  to  pay  a  registration  fee  of  not 
more  than  2s.  6d.  Arrangements  must  therefore  be 
made  by  the  Local  Committee,  or  the  General  Exa- 
mination Committee,  as  the  case  may  be,  to  give 
accommodation  at  the  examination  to  all  outside  can- 
didates who  have  given  the  proper  notice^  as  well  as 
to  the  students  in  the  class  for  which  the  Committee 
act,  to  sit  at  the  examination. 

The  registration  fee  of  2f.  6d.,  which  such  candidates  may 
be  required  to  pay,  is  to  reimburse  the  Committee  for  any 
extra  expenses  incurred  by  such  attendance^  and  may  at 
their  option  be  remitted. 
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XX.  To  all  successful  students  are  given  Q^'s  Prices, 
printed  lists  of  results  showing  their  position;  to 
the  first  class  in  both  stages  are  given  Queen's  prizes, 
constttiDg  of  books  or  instruments  chosen  by  the 
candidates  firom  lists  furnished  for  that  purpose. 
{Appfy/&r  Science  Form  No.  110.) 

The  prizes  are  milhnfted  in  nnmber,  and  are  open  to  all 
candidates  who  come  within  either  of  the  fdlowing  cate- 
gories : — 

(1)  Students  in  Science  Classes  under  Teachers  qua* 
lified  to  earn  payment. 

(2)  Registered  Stndents  in  Artisan  Classes  taught  by 
other  Teachers, 

Other  Candidates^  if  successful,  only  receive  Cards  of  merit 

The  following  are  not  eligible  for  prices 

B.  Teaehers  earning  or  who  have  earned  payments  on 
the  results  of  instruction  ;  and 

6.  Students  who  have  previously  received  the  same,  or 
a  higher  class,  in  the  same  subject.  Also 

€•  Persons  who  arc  or  have  been  students  of  the  Queen^s 
Colleges  in  Ireland^  the  Royal  School  of  Mines, 
London^  the  Royal  College  of  Science^  Dublin^  the 
Royal  Dockyard  Schools^  and  other  instiiutions 
receiving  State  aid  for  instruction  may  compete 
for  the  Whitworth  and  other  Exhibitions  and 
Scholarships  of  the  Department^  but  they  cannot 
take  Queen^s  prizes  aiid  medalSf  except  in  those 
subjects  which  are  not  taught  in  the  Institutions 
to  which  they  belong, 

XXL  Four  medals,  one  gold,  one  silver,  and  two  Qoee&'s 
bronze,  arc  given  in  the  class  examination  in  each 
subject  for  competition  among  the  hond,  fide  students 
of  Science  Classes  who  either  come  within  the  cate- 
gory of  persons  on  account  of  whom  payments  can  be 
earned,  or  are  under  17  years  of  age. 

Only  registered  students  of  schools  and  classes  under  Local 
Committees  {see  Rule  IV^  P*  1 1)  can  take  medals :  middle 
class  students,  persons  engaged  in  teaching,  who  are  more 
than  17  years  of  age,  as  well  as  teachers  in  training^  eyen 
if  qualified  as  above,  are  ineligible  for  them.  Should  a 
student  take  more  than  one  gold,  silver,  or  bronze  medal, 
he  will  receive  books  instead* 


Payments  on  Results. 
XXIL  Payments  are  made  on  the  results  of  in-  Qaalilksiion 
stmction  given  by  persons  who  have : — 
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a.  obtained  certificates  as  teachers  in  any  of  the 
before-mentioned  sciences  according  to  the  rules  in 
force  previous  to  January  1867 ;  or, 

b.  obtained  a  First  or  Second  Class  in  the  ad- 
vanced paper  at  the  May  class  examination  since 
that  date ;  or, 

c.  taken  honours  at  the  May  exammation. 

No  payments  are  made  on  account  of  instruction 
given  m  subjects  in  which  the  teacher  is  not  so 
qualified. 

The  examination  will  be  diflpensed  with  in  the  case  of  a 
candidate  who  has  taken  a  degree  at  any  University  of 
the  United  Kingdom,  or  who  has  obtained  the  Associate- 
ship  of  the  Royal  School  of  Mines,  London,  or  the  Royal 
CoU^  of  Science,  Ir^and.  Brfore  such  a  candidaie 
commences  to  teach  in  order  to  earn  pqyment  on  results 
he  must  make  formal  application  to  the  Department  to  be 
recognised  as  a  Science  teacher ,  and  he  must  furnish  full 
particulars  of  his  occupation  and  position  accompanied 
by  his  diploma  or  a  certificate  from  the  registrar  of  his 
University, 

XXIII.  Payments  on  results  are  made  either 
directly  to  teachers  or  to  the  Committee  or  managers 
of  the  school.  Where  classes  are  formed  by  a  teacher 
incidentally,  in  addition  to  his  regular  duties,  the  pay- 
ment may  be  made  directly  to  him.  Where  there  is  a 
regularly  organised  Science  School,  with  day,  or  day 
and  evening  classes  in  science,  the  payments  will  be 
made  to  the  Committee.  The  question  of  a  school 
claiming  under  this  last  head  will  be  specially  con- 
sidered by  the  Department. 

Oonditioiis.  XXIV.  Payments  are  only  made  to  the  teacher  or 
to  the  Committee  on  condition  that  the  student  has 
received  25  lessons  at  least  from  the  teacher  or 
teachers  in  each  subject  in  which  payment  is  claimed 
since  the  last  examination,  each  lesson  being  an 
attendance  at  a  meeting  of  the  school  of  at  least 
three-quarters  of  an  hour's  duration  on  a  separate  day. 
The  25  lessons  need  not  necessarily  be  all  given 
in  one  year,  but  may  extend  over  a  longer  period. 

It  must  be  clearly  understood  that  the  number  (25)  of  lessons 
which  the  teacher  is  required  to  give  is  the  minimnitt 


To  whom 
made. 
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fixed  as  a  criterion  that  the  pupil  has  received  his  in- 
Btraction  from  the  teacher.  It  is  not  meant  in  any  way 
to  specify  that  that  amount  of  instruction  is  sufficient^ 
or  to  guarantee  the  teacher's  receiviog  payment,  if  that 
amount  of  instruction  alone  is  given. 

XXV.  Payments  are  made  to  the  qualified  teacher  Payments  to 
on  account  of  the  instruction  of  students  of  the 
Industrial  Classes  duly. 

Under  Students  of  the  Industrial  Classes  "  are  included 
only 

a.  Artisans  or  operatives  in  the  receipt  of  weekly 

wages. 

b.  Coastguards,  policemen,  and  others  who,  though  in 

receipt  of  weekly  wages,  do  not  support  themselves 
by  manual  labour. 

c.  Persons  in  the  receipt  of  salaries  not  large  enough 

to  render  them  liable  to  the  income  tax,  as  some 
descriptions  of  clerks,  shopmen,  &c. 

d.  Small  shopkeepers  employing  no  one  but  members 

of  their  own  family  and  not  assessed  to  the  income 
tax. 

e.  Tradesmen  and  manufacturers  on  their  own  account, 

supporting  themselves  by  their  own  manual  labour, 
not  ^ploying  apprentices,  journeymen,  &c.,  and 
not  assessed  to  the  income  tax. 
/.  The  children  (not  gaining  their  own  livelihood)  of 
all  such  persons  above-mentioned. 

XXVI.  The  payments  claimable  for  each  student  Payments  in 
who  has  passed  the  first  or  elementary  stage,  in  each  suge.^^^^ 
subject  are — 3/.  for  a  fii'st  class,  21.  for  a  second 

class,  and  1/.  for  a  third  class. 

But  if  the  student  has  been  previously  successful  in 
the  same  stage  of  the  same  subject,  the  payments  are 
reduced  by  the  normal  payment  which  was  claimable 
QQ.such  previous  success. 

For  instance,  the  21.  payment  for  a  second  class  in  the  first 
stage  would,  if  the  student  had  previously  taken  a  third 
clasSy  be  reduced  by  1 

Deductions  will  be  made  in  payments  on  account  of  Sub- 
ject I.  to  the  amount  of  any  payments  that  have  been 
made  on  Second  Grade  Examinations  in  Art,  in  practical 
geometry,  perspective  or  mechanical  drawing. 

XXVIL  Further  payments  are  claimable  for  each  ^^^^^^^ 
student  who  passes  in  each  subject  in  the  advanced  stage, 
stage,  provided  such  student  has  already  in  a  pre- 
vious year  passed  in  the  same  subject  in  the  ele- 
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mentary  stage  *  on  the  following  scale :  for  a  second 
class  3/.,  2/.,  or  1/.,  according  as  the  highest  success 
of  the  student  has  been  third>  second,  or  first  class  of 
the  elementary  stage ;  for  a  first  class  4/.,  3/,,  or  2/. 
according  as  his  highest  success  has  been  third, 
second,  or  first  class  of  the  elementary  sta^.  If 
the  student  have  already  passed  second  class  in  the 
advanced  stage  of  any  subject  then  only  1/.  in 
addition  can  be  claimed  on  his  behalf  should  he  pass 
first  class  in  the  same  stage. 

The  general  object  of  this  rule  will  be  seen  to  be  that  on  a 
stadent  eyentaalljrpassing  in  the  first  class  of  the  advanced 
stage  5/.  willy  on  the  whole,  have  been  claimable  on 
account  of  his  instruction. 

The  rule  mil  be  modified  in  the  case  of  teachers  who^  at 
the  Examination  in  May  1870,  are  bond  fide  passing  for 
and  intend  at  once  to  become  Science  Teachers.  The 
proviso  that  the  student  shall  first  pass  in  the  elemeniary 
stage  before  passing  in  the  advanced  will  not  be  obligatory 
in  their  case^  and  the  Science  Teacher  who  /uzs  instructed 
them  will  be  allowed  to  earn  full  payment  on  their  account 
— up  to  a  maximum  that  is  of  51,  for  a  first  class  in  the 
advanced  stage. 

XXVIII.  The  total  amount  paid  to  each  teacher  is 
subject  to  the  following  deduction;  when  on  this 
scale  it  would  amount  to  more  than  60/.  the  excess 
up  to  40/.  is  diminished  by  one  quarter,  the  excess 
above  40/.  by  one  half. 

Thus  a  total  payment  which  on  the  above  scale  would  be 
100/.,  or  60/. +40/.,  will  be  reduced  to  60/. 4- 40/.— ^  of 
40/.,  or  90/.  Again,  where  the  total  sum  claimed  amounts 
to  160/.,  t.e.,  60/. +40/. +50/.,  the  payment  made  will  be 
60/.+40/.-iof  40/.+50/.-i  0^  50/.=60/.+30/.+2«.=: 
115/. 


*  Students  who  have  already  passed  at  any  examination  before 
that  of  the  year  1869  are  considered  as  satisfying  this  condition, 
and  payments  will  be  made  on  their  account  according  to  the 
old  ruleB,  on  the  assumption  that  the  First  and  Second  Class  ia 
the  advanced  stage  represent  the  former  first  and  second  class,  and 
that  the  first,  second^  and  third  class  in  the  elementary  stage  re- 
present the  fomer  third,  fourth,  and  fifth  class*  Thus  if  a 
student  who  has  already  taken  a  fourth  class  should  at  the  next 
examination  take  a  second  class  in  the  advanced  stage,  the  teacher 
will  receive  2/.  on  his  account. 
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If  the  ieadier  be  instructing  classes  three  miles  or  more 
apart  this  dedaction  will  be  reduced  hj  the  amount  of  his 
traTelling  expenses.  This  amount  should  be  inserted  on 
the  claim  for  payment  (see  Science  Form  No*  51,  p.  44)  and 
certified  bj  the  Committee. 

XXIX.  Pajrmeats  are  made  to  the  Committees  Payments  to 
on  Hie  same  scale  as  that  given  in  Rule  XXVII.,  with  Committee, 
the  exception  of  the  reductions  described  in  the  last 
paragrapn  (Rule  XXVIII.)  which  do  not  apply,  but 

no  payment  of  more  than  15/.  will  be  made  on  account 
of  any  one  student,  nor  will  the  total  payment  to  the 
school  exceed  a  maximum  of  2/.  per  successful  paper 
worked  at  the  examination  by  artisan  students  taught 
daring  the  preceding  year. 

These  payments  may  be  diFided  in  any  proportion  the  Com- 
mittee think  fit  among  the  teachers  of  the  school,  and  a 
proportion  not  exceeding  20  per  cent.,  nor  exceeding  the 
local  voluntary  contribution  to  the  expenses  of  the  school, 
may  be  deducted  by  the  Committee  in  aid  of  such  expenses* 

XXX.  The  claim  for  the  payments  must  be  made  FormofChd] 
on  Science  Form  No.  51.  The  voucher  must  be  ^<»^*7^^^ 
sijped  by  the  secretary  or  chairman  and  two  members 

of  the  Committee  at  least,  at  a  meeting  of  the  Com- 
mittee held  specially  for  the  examination  and  certi- 
fication of  the  claim.  {See  Science  Form  No.  51, 
page  43.) 

XXXI.  A  general  register  must  be  kept  for  the  Begisteis. 


in  each  subject,  on  Forms  which  will  be  supplied  on 
application.  {Apply  for  Science  Forms  Nos.  139  &nd 
139a.)    These  registers  must  be  made  up  from  day 


Inspector  on  his  visit.  They  must  be  sent  to  the 
Department  with  the  claim  for  payment,  and  no  grants 
will  be  made  unless  the  registers  are  properly  kept. 

a.  The  Committee  must  keep  a  General  Register  (Science 
Form  No.  139)  of  all  the  pupils  attending  the  Science 
Classes  under  their  supervision,  in  which  the  name,  age, 
address,  and  occupation  of  each  student  must  be  entered. 
This  register  must  be  filled  in  by  the  Secretary  or  a 
member  of  the  Committee,  and  not  by  the  teacher. 

6.  For  every  class  the  teacher  must  keep  a  register  of  attend- 
ance (Science  Form  No.  139a),  in  which  he  will  enter 


school,  and  an  attendance 


to  day,  and  will  be  examined 
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the  presence  or  absence  of  the  students  at  each  lesson. 
The  Committee  is  held  responsible  for  the  entries  being 
correct. 

e.  A  leister  must  also  be  kept  of  the  attendance  of  the 
members  of  the  Committee  at  their  different  meetings. 
{See  page  8  of  Science  Form  No.  139.) 

XXXII.  All  payments  to  qualified  teachew  on 
account  of  Science  teaching  are  Dsade  by  the  Science 
and  Art  Department,  and  are  only  made  in  respect 
of  a  school  in  connexion  with  the  Science  and  Art 
Department.  No  such  payments  are  made  in  respect 
of  any  instruction  in  Science  that  may  be  given 
during  the  three  attendances  of  an  Elementary  School 
receiving  aid  from  the  Educational  Department, 
Whitehall. 

These  grants  are  only  made  while  the  teacher  is  giving 
instruction  in  a  day  or  evening  school  or  class  for  the  in- 
dustrial classes  (adults  or  boys),  approved  by  the  Science 
and  Art  Department,  and  open  at  any  time  to  the  visit 
and  inspection  of  its  officers.  The  managers  of  an 
Elementary  School  under  the  inspection  of  the  Education 
Department  can  permit  their  premises  to  be  used  for 
Science  teaching,  provided  that  no  interference  be  allowed 
with  the  primary  purposes  of  such  Elementary  School,  or 
in  any  way  with  the  three  attendances  of  the  Elementary 
School. 

XXXIIL  No  patfments  on  the  results  of  instrzic- 
Hon  in  those  branches  of  Science  which  are  taught 
in  Institutions  receiving  State  Grants^  stich  as  the 
Queen's  Colleges  in  Ireland^  the  Royal  School  of 
Minesj  London^  the  Royal  College  of  Science,  Dub- 
linj  and  the  Royal  Dockyard  Schools,  will  he  made 
on  account  of  the  pupils  who  are  or  have  been 
students  of  those  institutions. 

XXXIV.  On  the  occasion  of  his  periodical  visit 
to  the  school  or  class,  the  Inspector  will  inquire  and 
see  how  the  instruction  is  being  given,  examining  the 
pupils,  if  necessary^  voce,  and  report  if  there  is 
sufficient  apparatus  for  the  satisfactory  teaching  of 
experimental  science.  If  the  Inspector's  report  of 
any  school  shows  that  the  instruction  is  inefficient, 
and  that  from  the  deficiency  of  proper  apparatus,  ^c. 
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it  cannot  be  otherwise,  my  Lords  reserve  to  themselves 
the  power  of  refusing  to  make  payments  on  the  results 
of  Ae  examinations. 

Scholarships  and  Exhibitions. 

XXXV.  In  order  to  assist  members  of  the  artisan  Scholarships 
and  industrial  classes  who  may  show  an  aptitude  for  wtioS^^ 
scientific  instruction,  the  Science  and  Art  Depart- 
ment makes  grants  to  aid  local  efforts  in  founding 
scholarships  and  exhibitions.  The  scholarship  is  in- 
tended to  maintain  the  student  while  remaining  at  the 
elementary  school,  and  the  exhibition  to  support  him 
while  pursuing  his  studies  at  some  central  institution 
where  the  instruction  is  of  a  high  grade. 

XXX  VL  There  are  two  forms  of  local  scholarship  Local 
in  connection  with  elementary  schools : —  Scholarships. 
(1.)  The  Elementary  School  Scholarship; 
(2.)  The  Science  and  Art  Scholarship. 

By  elementarj  school  is  understood  any  school  where 
elementary  instruction  is  given,  whether  aided  by  the 
State  or  not. 

XXXVII.  Elementary  School  Scholarship.— The  Elementary 
Science  and  Art  Department  will  make  a  grant  of  g^^^ii^ipg. 
5/.  towards  the  maintenance  of  a  deserving  student 

to  the  managers  of  any  elementary  school  who 
undertake  to  support  him  for  one  year  and  subscribe 
also  at  least  5/.  for  that  purpose. 

XXXVIII.  Conditions.—  Conaitioiia  of 

a.  With  any  number  of  scholars  up  to  100  on  E^^tlrJ^ 

the  register  of  the  school  tnere  can  be  School 
but  one  such  Schokrship ;  above  100  Scholarships, 
and  up  to  200  two  Scholarships,  and  so 
on  for  each  100. 

b.  The  Scholarship  or  Scholarships  must  be 

awarded  in  competition  to  the  most  suc- 
cessful student  or  students  in  some  ex- 
amination of  the  school.  The  absolute 
terms  ,of  the  competition  and  the  award 
of  the  Scholarship  will  be  left  to  the 
managers  of  the  school,  subject  to  the  ap- 
proval of  the  Science  and  Art  Department. 
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c.  Tbe  scholar  must  be  an  artisan  or  poor 
student  as  defined  above  {see  Rule  X/kV., 
p.  19),  and  be  between  12  and  I6  years 
of  age. 

rf.  He  must  not  be  the  teacher,  pupil-teacher, 
or  other  paid  servant  of  a  school. 

e.  He  must  continue  regularly  to  attend  the 
day  school,  and — 

f.  Obtain  at  least  a  third  class  in  the  elemen- 
tary stage  in  some  one  or  more  branches 
of  Science  at  the  succeeding  May  exa- 
mination of  the  Science  and  Art  Depart- 
ment, after  which  the  Department  grant 
of  5/.  will  be  paid. 

XXXIX.  Application  must  he  made  for  the  Ele- 
mentary School  Scholarship  before  the  \st  March  in 
one  year^  and  the  Department  grant  will  be  paid  after 
the  May  examination  in  the  next  year.  (Apply  for 
Science  Forms  Ms.  280,  281,  282.) 

Sdeneeand  XL.  T/ie  Science  and  Art  Scholarship.  —  The 
iLrt  Scholar-,  Scicuce  and  Art  Department  will  make  a  grant  of 
10/.  towards  the  maintenance  of  a  student  at  an 
elementary  school  who  has  taken  a  first  grade  in 
Freehand  or  Model  Drawing  and  Elementry  Geo- 
metry (see  Art  Directory,  p.  I6),  and  passed  in 
one  of  the  subjects  of  Science,  provided  that  the 
managers  of  the  school  undertake  to  support  him  for 
one  year  and  subscribe  51.  for  that  purpose. 

The  examination  in  drawing  can,  where  there  is  no  Art  Cer- 
tificated Teacher,  be  held  hj  the  Science  Class  Committee, 
to  whom  the  necessary  papers  wiU  be  sent. 

XLI.  Conditions. — 

a.  With  any  number  of  scholars  up  to  100  on  the 
register  of  the  school  there  can  be  but  one 
such  Scholarship ;  above  100  and  up  to  200 
two  Scholarships,  and  so  on  for  each  100 
scholars. 

b.  The  Scholarship  or  Scholarships  will  be  awarded 
to  the  most  successful  student  or  students  in 
the  school. 
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c.  The  scholar  must  be  an  artisan  or  poor  student 

as  defined  above  (see  Rule  XX v.,  p.  19),  of 
between  12  and  lo  years  of  age, 

d.  He  must  not  be  the  holder  of  an  Elementary 

School  Scholarship,  the  teacher,  pupil-teacher, 
or  other  paid  servant  of  a  school. 

e.  He  must  continue  regularly  to  attend  the  day 

school,  and — 

f.  Obtain  a  higher  class  in  the  subject  of  Science 

in  which  he  has  already  passed,  or  pass  in 
some  other  subject. 

g.  In  each  year  of  holding  the  Scholarship  he 

must  pass  either  in  a  higher  grade  of  the  same 
subject  or  in  a  new  subject. 

XLIL  Application  far  the  Science  and  Art  iktu  o/appK- 
Scholarship  must  be  made  before  the  1st  March  in 
one  year;  the  successjul  competitors  for  the  scholar- 
ship  will  be  decided  at  the  May  examinations  of  that 
yeary  and  the  Department  grant  of  102.  mil  be  paid 
after  the  May  examination  in  the  next  year.  (Apply 
for  Science  Farms  Nos.  283,  284,  285.) 

XLHI.  These  grants  will  be  made  from  year  to  Conditioiu  of 
year  on  the  condition  that  the  student  each  year  ^^^^r^ 
pass  in  a  new  subject,  or  in  a  higher  grade  of  the  l^ianhips. 
same  subject  in  wmch  he  first  passed.    It  will  be  for 
the  locdity  to  determine  for  how  many  years  the 
student  may  hold  the  scholarship,  but  in  no  case  can 
he  be  allowed  to  hold  it  for  more  than  three  years. 

XLIV.  For  advanced  scientific  instruction,  the  Exhibiaons. 
Department  ofiers  exhibitions  to  enable  students  to 
complete  their  education  at  some  college  or  school 
where  scientific  instruction  of  an  advanced  character 
may  be  obtained.  These  exhibitions  are  of  two 
kinds : — 

(1.)  The  Local  Exhibition. 
(2.)  The  Royal  Exhibition. 

XLV.  Local  Exhibitions. — The  Science  and  Art  Exhi- 
Department  will  make  a  grant  of  25/-  per  annum  ^^^^^ 
to  the  Managers  of  any  school  or  educational  insti* 
tution,  or  any  Local  Committee  formed  for  the  pur- 
pose, who  will  raise  the  like  sum  by  voluntary  con*  , 
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tribution  for  the  maiutenance  of  a  studeut  at  some 
college  or  school  where  scientific  instruction  of  an 
advanced  character  may  be  obtained.  The  exhi- 
bition may  last  for  one,  two,  or  three  years. 

XLVI.  Conditions.— 

a.  The  exhibition  must  be  awarded  in  competition 

in  one  or  more  branches  of  Science  at  the 
May  esamination  of  the  Science  and  Art 
Department.  The  managers  may  select  any 
branch  or  branches  of  Science  for  the  com- 
petition, and  if  more  than  one  be  taken  they 
may  fix  any  relative  amount  of  marks  they 
consider  best  to  assign  to  them. 

b.  The  place  or  places  where  the  exhibition  is  to 

be  tenable  and  where  the  student  is  to  pursue 
his  studies  may  be  fixed  by  the  managers 
subject  to  the  approval  of  the  Science  and 
Art  Department,  provided  that  the  exhibitioner 
shall  always  have  the  option  of  going  to  one  of 
the  foUowmg  institutions : — The  Royal  School 


London,  or  the  Royal  College  of  Science, 
Dublin.  If  either  of  the  Government  institu- 
tions be  selected,  the  fees  of  the  student  will 
be  remitted. 

c.  The  exhibitioner  must  be  of  the  artisan  class 
or  a  poor  student,  as  defined  above  {see 


d.  The  grant  of  the  Department  will  be  paid  from 
year  to  year  on  condition  that  a  like  payment 
has  been  made  by  .the  managers  or  Local 
Committee,  and  that  the  student  has  pursued 
his  studies  satisfactorily  according  to  regu- 
lations fixed  by  the  Department. 

XLVIL  The  Local  Exhibition  must  be  applied 
for  before  the  \st  March.    (Write  for  Science  Forms 
Nos.  286,  287,  288.) 

Thus,  for  example^  a  Local  Exhibition  which  is  to  be  com- 
peted for  in  May  1875  must  he  applied  far  before  the 
\st  March  1875,  and  the  Department  grani  will  be  given 
after  the  May  examinations  in  1876.  r\i^n\o 


of  Mines  or  Royal  College 


Rule  XXV.,  p.  19). 
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XLVIII.  Royal  Exhibitions,  of  the  value  of  50/. 
per  annum  tenable  for  three  years,  to  the  Royal 
School  of  Mines,  London,  and  the  Royal  College  of 
Science,  Dublin,  are  given  in  competition  at  the  May 
examinations. 

XLIX.  There  are  nine  Royal  Exhibitions  to  the  ^"J^^^^ 
Royal  School  of  Mines,  Jermyn  Street,  and  nine  to 
the  Royal  College  of  Science,  Dublin,  of  the  value 
of  50f.  per  annum  each,  entitling  the  holders  to  free 
admissions  to  all  thd  lectures,  and  to  the  Chemical  and 
Metallurgical  Laboratories  at  those  two  institutions. 
They  can  be  held  from  year  to  year  for  three  years, 
on  the  condition  that  the  holder  attends  the  lectures 
r^larly  durinj?  those  years,  and  passes  the  examina- 
tions required  tor  the  associateship  of  the  school. 

L.  Generally  there  will  be  six  of  the  above  Competition 
Royal  Exhibitions,  viz.,  three  to  the  Royal  School  e^^Son. 
of  Mines,  and  three  to  the  Royal  College  of  Science, 
open  for  competition  at  the  May  exammations,  inde- 
pendently of  the  prizes,  &c.  offered  by  the  Science 
and  Art  Department. 

LI.  All  persons  over  21  years  of  age,  excepting  Pewonanot 
artisans,  and  such  as  come  within  the  category  of 
persons  paid  upon  under  Rule  XXV.  (see  p.  19),  will 
be  excluded  from  competing  for  the  Royal  Exhibi- 
tions. Special  cases,  however,  must  be  determined 
according  to  the  spirit  of  the  rules,  and  the  object 
of  the  endowment. 

LIT.  The  competition  for  the  Royal  Exhibitions  Competition 
will  be  determined  by  affixing  certain  values  to  the 
several  results  of  the  May  examination.    Of  this 
the  details  will  be  hereafter  published. 

But  no  candidate  will  be  allowed  to  take  an  exhi- 
bition who  has  not  shown  a  satisfactory  knowledge  of 
Mathematics  equivalent  to  that  required  for  a  first  class 
in  the  elementary  stage  of  Elementary  Mathematics. 

LIII.  Whitworth  scholarships  of  the  value  of  wiutworth 
100/.  per  annum,  tenable  for  two  or  three  years,  arc  Scholarships, 
also  given  in  competition  at  the  May  examinations. 
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Full  instrnctions  as  to  the  subjects,  time,  place,  conditions, 
kc  of  the  competition  for  these  scholarships  are  given  in 
the  Whitworth  Prospectas,  which  can  be  had  on 
application  to  the  Secretary,  Science  and  Art  Department. 


Building  Grants. 

o{^^^      LIV.  A  grant  in  aid  of  a  new  building,  or  for 
Sci^ee       the  adaptation  of  an  existing  building,  for  a  School  of 
Schools.       Science  may  be  made  at  a  rate  not  exceeding  2*.  6(L 
per  square  foot  of  internal  area,  up  to  a  maximum  of 
500?.  for  any  one  school,  provided  that  the  school — 

a.  be  built  under  the  Public  Libraries  Act  ( 1 3  &  14 
Vict.  c.  65. ;  18  &  19  Vict.  c.  70. ;  29  &  30  Vict 
c.  114.),  {see  Summary  of  the  Law  relating  to  the 
establishment  and  maintenance  of  Public  Libraries, 
&c.,  p.  50)  ;  or— 

b.  be  built  in  connexion  with  a  School  of  Art  aided 
by  a  Department  building  grant. 

And  provided  that  there  is  a  population  in  the 
neighbourhood  which  requires  a  School  of  Science ; 
that  it  is  likely  to  be  maintained  in  a  state  of  effi- 
ciency  ;  and  that  the  site,  plans,  estimates,  specifica- 
tions, title,  and  trust  deeds  are  satisfactory. 

Tiie  regulations  under  which  building  grants  to 
Schools  of  Science  are  made  will  be  found  at  p.  52. 
{Apply  for  Science  Form  No.  349.) 


Apparatus  Grants. 

Grants  ibr  LV.  A  grant  towards  the  purchase  of  appa- 
pparatufc  f^tus,  diagrams,  &c.,  of  50  per  cent,  on  the  cost  of 
them,  is  made  to  Science  Schools  and  Classes  taught 
by  dul^  qualified  teachers  under  the  supervision  of 
Committees  constituted  in  accordance  with  the 
Rule  IV.,  and  approved  by  the  Department. 

Grants  on  the  same  scale  will  also  be  made  to  schools  or 
classes  not  under  qualified  teachers  in  cases  where  the 
total  yalne  of  the  apparatus  required  is  not  above  10^ 

LVL  As  a  general  rule  no  endowed  school  u 
eligible  to  receive  a  grant  towards  the  purchase  of 
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apparatus^  SfC^  unless  considerable  local  contributions 
are  made  in  aid  of  it;  and  then  only  when  the  appa- 
ratus  is  clearly  necessary. 

LV II.  Catalogues  containing  priced  lists  of  appa-  Catalogues  of 
ratus,  instruments,  diagrams,  books,  &c.  from  various  ■pp*™*^ 
manufacturers  have  oeen  prepared  in  the  following 
sciences  and  can  be  had  on  application  : — 

(1.)  Plractical  Geometry,  Machine  and  Building  Construction, 

and  Mechanics. 
(2.)  Experimental  Physics. 
(3.^  Chemistry. 

(4.)  Geology  and  Mineralogy,  Natural  History,  (Physiology, 
Zoology,  and  Botany),  and  Physical  Geography. 

These  catalogues  contain  the  highest  price  of  each 
article  on  which  the  aid  of  50  per  cent,  is  given.  The 
applicant  is  at  liberty  to  select  a  higher  priced  article, 
but  the  aid  towards  the  purchase  of  it  will  be  onlv 
50  per  cent,  of  the  highest  price  above  mentioned. 
Should  a  lower  priced  article  be  selected  the  aid  will 
only  be  to  the  extent  of  50  per  cent,  of  its  price. 

Schools  are  also  permitted  to  select  a  single  copy  of  each 
of  the  text  hooks  ^iven  in  the  Syllabu.?,  towards  the  pur- 
chase of  which  similar  aid  will  be  granted. 

LVIII.  Committees  requiring  aid  in  the  purchase  Method  of 
of  apparatus,  &c.  should  apply  for  Science  Form  ^22^!°* 
No.  49»  and  also  for  the  catalogues  referred  to  in  the 
previous  rule. 

The  Committee  of  the  School  or  class  may  select 
any  of  the  manufacturers  whose  names  are  given  in 
the  catalogues. 

Orders  from  different  tradesmen  must  be  made  on  separate 
forms. 

In  fiUing  up  the  Form  No.  49,  the  number  of  the  apparatus 
given  in  the  catalogue  must  always  be  mentioned. 

LIX.  Payments,  including  charge  for  packing,  Paynwnis  to 
must  be  made  in  advance  to  the  manufacturers  on 
receipt  of  the  invoice.  The  goods  to  be  sent  at  the 
risk  of  the  purchaser.  On  obtaining  a  receipt  from 
the  Committee  of  the  School  (which  is  included  in 
the  form  of  Requisition)  that  the  articles  have  been 
received,  the  remaining  50  per  cent,  will  be  paid  to 
the  manufacturer  by  the  Department. 
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Linutation  of  LX,  Apparatus  grants  are  rigorously  confiQed  to 
articles  or  a  non-destructible  nature ;  hence  no  aid 
Avill  be  afforded  in  the  purchase  of  breakable  articles, 
such  as  glass  retorts,  tests  tubes,  &c.,  or,  indeed 
generally,  in  the  purchase  of  articles  to  be  used  by 
the  student,  as  distinguished  from  those  of  a  per- 
manent and  illustrative  character  which  are  required 
by  the  Teacher  in  giving  instruction  in  Science. 

Grants  are  only  made  in  the  purchase  of  one  object  of  the 
same  kind.  Duplicates  of  apparatus,  &c.  are  not  allowed 
at  the  reduced  rate. 

Supplementary  Grants  in  certain  Subjects,  and 
Special  Aid  to  Teachers  and  Students. 

^hoSf^°  LXI,  In  addition  to  the  ordinary  science  exami- 
nations in  May,  class  examinations  are  held  in 
Mathematics,  Navigation,  Nautical  Astronomy, 
Steam,  and  Physical  Geography  for  the  benefit  of 
seafaring  men — and  for  them  only — three  times  a 
year  in  all  seaports  where  Local  Committees  are 
formed  and  are  willing  to  undertake  them.  These 
examinations  take  place  in  the  beginning  of  March, 
September,  and  December.  The  application  for 
these  examinations  must  })e  made  on  Science  Form 
No.  119  before  the  10th  day  of  the  previous  month. 

The  payments  to  properly  qualified  teachers  (see  Rule  XXII., 
p.  17)  on  the  results  of  the  quarterly  examinations  for 
seamen,  will  be  according  to  the  same  scale  as  that  laid 
down  for  the  ordinary  May  examinations  {see  Rules 
XXVII.  and  XXVIII^  pp.  19  and  20),  and  the  regula- 
tions  with  regard  to  Committees  (see  Rules  IV.  and  V., 
pp.  11  and  12),  registers  {see  ,l\u\e  XXXI.,  p.  21),  and 
number  of  lessons  {see  Rule  XXIV.,  p.  IS),  must  also  be 
carried  out  in  the  case  of  Navigation  Schools. 

Paymentato  LXIL  Teachcrs  who,  previously  to  the  28ih 
Art  Teachers,  j^^^^^y  1359^  /^^^^  obtained  Art  Certificates  of  the 
Srd  grade  (see  Art  Directory,  pp.  14  ancTSS),  are 
also  qualified  to  earn  payments  on  the  results  of  their 
instruction  in  subjects  /•,  //.,  and  III.  (see  list  of 
Science  subjects,  p.  19)i  as  tested  by  the  May  Science 
examinations^  provided  that  stich  instruction  has 
been  given  tinder  the  supervision  of  a  Local  Com- 
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mUtee  ccmtituied  according  to  Rule  IV.  (see  p.  11), 
omd  approved  hy  the  Department  before  the  ilst 
January  previow  to  the  examination. 

Students  cn  whom  payments  are  claimed  under  this  regula- 
tion must  be  of  the  artisan  or  industrial  classes  (see  Rule 
XXK^p.  19),  and  must  have  received  25  lessons  at  least 
in  each  subject  in  the  year,  or  since  the  last  examination 
on  their  passing^  at  which  payment  was  claimed  on  their 
account  (see  Bule  XXIV.,  p.  IS\  The  other  regulations 
efipfying  to  Science  Classes^  such  as  the  heeping  of  regis- 
Urs  on  approved  forms  {Rule  XXXL,  p.  21),  ^c,  must 
also  he  observed. 

LXIII.  In  order  to  encourage  the  artistic  ability  Extra  grants 
which  moff  be  shown  in  drawings  of  buildings  and 
machines  execuied  by  students  in  Science  classes^  as 
exercises  in  Subjects  I L  and  HI.  (see  List  of  Science 
Subjects^  p.  10),  additional  grants  are  made  on  the 
same  scale  as  those  fir  works  executed  in  Art  schools 
or  classes. 

a.  The  Local  Committee  or  the  Teacher  of  a 
Science  school  or  class  satisftfing  the  condi- 
tions stated  in  the  next  rule  is  entitled  to 
receive  a  payment  not  exceeding  lbs.  for  any 
one  studentf  on  account  of  every  artisan  stu- 
dent who  shall  submit  satisfactory  works  exe- 
cuted in  the  school  or  class  during  the  then 
current  school  year y 

(1.)  In  Mechanical  and  Machine  drawing; 
andy 

(2,)  In  drawing  details  of  Architecture 
from  copies. 

{Art  Directory y  p.  24,  §  36,  and  pp.  33  and  36, 
Stages  \b  and  23a. 

6.  The  Local  Committee  or  the  Teacher  of  a 
Scie7ice  school  or  class  is  entitled  to  receive 
a  payment  not  exceeding  20s.  for  any  one 
student,  on  account  of  every  artisan  student 
who  shall  submit  satisfactory  works,  executed 
in  the  school  or  class  during  the  then  current 
school  year,  in  drawing  or  designing  for 
Architecture. 
(See  Art  Directory,  p.  24,  §  3c,  and  p.  36, 
Stage  2Zb.) 
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c.  Architectural  Drawings  of  the  class  referred  to 
in  the  preceding  paragraph  (§  6),  ezecided 
by  sttidents  in  Science  schools  or  classes  are 
admissible  fo  the  advantages  of  the  NaOonal 
Art  Competition.    (See  Art  Director^/,  p.  29, 

§11.) 

The  works  of  gtudenU  of  classes  in  subjects  IL  and  III. 
are  not  excluded  from  the  advantages  of  this  rule^  even 
if  sut^  students  should  be  teachers  in  other  Science 
subjects. 

CondiHonof  LXIV^  Local  Committees^  Teachers j  and  Students 
^uH^^^      Science  schools  may  avail  themselves  of  the  aid 

offered  under  the  provisions  of  the  above  rule  on  the 

following  conditions y  namely ; — 

a.  That  the  School  or  Class  be  constituted  in 

accordance  with  the  regulations  of  the  Science 
Directory  (Rules  III.  and  IK,  p.  11). 

b.  That  the  Teacher  be  duly  qualified  in  accord- 

ance with  Rule  XXIL  (see  p.  17)j  to  earn 
payments  on  the  results,  of  examination  in 
Streets  IL  and  III. 

c.  That  Teachers  who  have  thus  qualified  them- 

selves  to  earn  payments  in  Subject  IL  or  Sub- 
ject Ill.f  subsequent  to  the  year  1868,  mmt 
also  have  passed  the  second  grade  examination 
in  Fi^eehand  Drawing  (see  Art  Directory^ 
p.  14). 

d.  That  a  Teacher  who  has  thus  qualified  himself 

before  the  year  1869f  must  have  passed  not 
less  than  one  hundred  pupils  in  either  subject^ 
or  fifty  in  both  subjects. 

Full  particulars  of  the  aid  given  to  Art  schools  and  classes 
will  be  found  in  the  Art  Directory,  which  can  be  had  on 
application  to  the  Secretary  Science  and  Art  Department. 

F"f^^n>|wo^    LXV.  Free  admissions  to  the  lectures  at  the 
Mines  Md  Col-  Roval  School  of  Miues,  Jermyn  Street,  or  the  Royal 
legeof  Sdeoce.  CoUege  of  Science,  Dublin,  are  granted  to  any  per- 
son who  takes  a  gold  medal  in  the  May  examination. 

^^Mionto  LXVI.  Candidates  who  have  obtained  a  first  or 
and^\ibra-  second  class  in  the  advanced  stage  mav  obtain  tickets 
ri€9.  of  admission  to  the  Educational  and  Art  Libraries  at 
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the  South  Kensington  Museum  on  application,  hy 
letter,  addressed  to  the  Secretary  of  the  Science  and 
Art  Department. 

LXYII.  Sdence  teachers  who  have  taught  two^>ntiof 
years  consecutively  and  passed  not  less  than  30 
students  each  year,  are  allowed  2nd  class  railway  fare 
and  31.  towards  their  expenses  while  living  in  London 
for  the  purpose  of  visitbg  the  South  Kensington 
Museum  and  other  MetropoUtan  institutions,  in 
order  that  they  may  acquire  for  the  benefit  of  their 
students  a  knowledge  of  the  latest  progress  in  those 
educational  subjects  which  affect  the  schools,  on 
condition  that  they  remain  there  five  days  at  least. 

Special  arraDgements  with  regard  to  these  visits  may  be 
made  from  year  to  year. 

Before  he  proposes  to  take  advantage  of  the  grant  the 
teacher  must  make  application  to  the  Secretary,  Science 
and  Art  Department :  he  must  also  keep  a  diary  {apply 
for  Science  F<mn  No.  302)  daring  his  stay  in  London, 
giving  the  names  of  the  institutions  he  has  visited,  with 
brief  observations  on  them. 


Note. — All  the  forms  alluded  to  in  this  Directory 
can  be  had  on  application  to  the  Secretary,  Science 
and  Art  Department,  South  Kensington,  London,  W. 

JLetters  addressed  thus  need  not  be  prepaid  in  the 
post. 
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APPENDIX  A. 


FoBMS  and  iMSTBUCnoNS  for  Quisanoe  in  establishing  and 
maintaining  SciXKOE  Schools  and  Classes. 
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SCIENCE  FORM,  No.  170. 


When  required 
Ist  November 


MEMOIANM  m  THE  USE  OF  SECRETARIES  AND  MEMBERS  OF  S6IENGE 

COMMITTEES. 

DatM. 

CoHStantfy  -  -  -  To  visit  the  School  and  see  that  the  Registers  are 
kept  from  day  to  day,  and  that  the  regulations 
of  the  Department  are  duly  carried  out. 

To  summon  a  meeting  of  the  Committee  on  the 
occasion  of  the  visit  of  the  Inspector. 

The  Report,  Science  Form  No.  120,  informing  the 
Depfurtmexkt  of  the  existence  of  a  school  must 
be  carefully  filled  in  and  sent  immediately  on  its 
opening,  or  if  it  be  an  old  school,  on  its  re- 
assembling after  the  vacation.  TMb  must  be 
aeeompanied  or  elosoly  followed  by  Form  No.  88, 
forming  the  Committee,  or  No.  168,  continuing 
a  Committee. 

VoU.'^Xf  thiB  Committee  qf  any  School  or  Clou  ha»  not 
been  at  least  provUionaUy  approved  Jby  the  Department  beflore 
the  lei  ef  February  in  any  year,  no  payments  will  be  made  on 
the  remtUs<^theemnmaHon  <^  iM  Schoolor  Class  in  tha 
ensuing  May, 

To  send  Form  No.  329,  stating  in  what  subjects 
examinatioD  will  be  required. 

To  send  Form  No.  119,  giving  the  precise  number 
of  candidates  in  each  subject  at  the  examination 
in  May. 

Note.— No  eteaminaUon  toiU  be  held  tshsre  these  Jbrms  hape 
not  been  sent  in  by  the  dates  named. 

To  see  that  Form  No.  91  is  hung  up  in  the  School- 
room. 

If  a  parcel  containing  (1)  the  papers  for  the  ca&di* 
dates  to  work  upon,  (2)  copies  of  Form  No.  91, 
one  for  each  da^^s  examination,  and  (3)  envelopes 
in  which  to  return  the  worked  papers,  should  not 
have  been  received,  or  if  there  should  be  any 
misUke  in  the  numbm  sent  for  each  subject  as 
applied  for,  or  in  the  covering  letter,  to  communi- 
cate at  once  to  the  Department. 

The  examination  papers  for  each  evening  will  leave 
London  by  the  mght  mail  two  evenings  before, 
t.«.,  Thursday  evening  papers  will  leave  on  Tues- 
day evening,  Friday's  on  Wednesday  evening, 
etc.  Shoidd  they  not  amve  aooordmgfy,  a  tele* 
gram  to  be  sent  at  once  to  the  Department. 


Before  28th  Feb.  - 
Before  3\st  March 

Before  24th  April ' 
On  the  27th  April 


During  the  May 
examuuUions. 
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Om  tie  tvemmg        The  cuididstes,  being  all  Mated  at  6.50,  to  read 
esammoHm,  out  the  rules  on  Form  No.  91,  then  give  out  the 

papers  to  be  worked  on.  Then  at  6.55  to  break 
the  seal  of  the  examination  papers  and  distribute 
to  the  candidates.  To  adhere  rigidly  to  the  rules 
on  Form  No.  91.  To  sign  Form  No.  91.  To 
seal  up  the  papers  in  one  of  the  envelopes  pro- 
vided and  at  once  post  them. 

After  the  May  ea>    On  receiving  lists  of  the  results,  to  give  one  copy 
tniMtkms.  to  each  eandidate  whose  name  aopean  in  it 

being  enooenAil;  to  inform  the  others  that  thej 
have  fiuled. 

To  return,  as  soon  as  possible,  Fom  No.  161, 
filled  up  in  sizict  aoooraanoe  with  the  rules  on 
Fonn  ^fo•  110.  (Prise  list).  To  call  a  meeting  of 
the  Committee  to  examine  and  oerti^  the 
Teacher's  claims  for  payment,  Form  No.  51,  and 
the  School  and  Class  Regirters,  which  must  be 
sent  up  at  the  same  time.  To  return  Form  No. 
lOB. 

To  keep  a  record,  and  inform  the  Department,  of 
the  number  of  individuals  examine 


SCIENCE  AND  ABT  FOBM,  No.  88. 


inU  MMMITTIES  Ftt  SCNtOLS  MO  IIASSES  lECimiO  AID 
TMOOtll  THE  SIIERIE  ARO  ART  OEPARTMERT. 

1.  A  Local  Committee  of  not  less  than  five  well-known  responsible 
peiMos  mnat  be  formed  in  connexion  with  eveiy  school  or  dass,  m  order 
to  comply  with  the  necessary  requirements  of  the  Science  and  Art  De« 
paitmen^  and  to  carry  out  various  arrangements  on  its  behalf  necessary 
for  testing  the  efficiency  of  the  instruction,  on  the  proof  of  which  alone 
the  aid  of  the  Department  will  be  given. 

Z  The  gentlemen  who  intend  to  act  on  this  Committee  must  sign  the 
fbim  on  ue  next  page,  stating  their  willingness  to  carry  out  the 
necessaiy  arrangements  for  examinations,  and  to  observe  all  the  regula* 
tioos  of  the  De^otment ;  each  member  after  signing  must  also  give  his 
address  and  occupation.  Care  must  be  taken  that  the  members  who 
si^  ^e  form  are  pn^erlv  acquainted  with  the  duties  they  propose  to 
difldiarge ;  a  summary  of  these  duties  is  given  below  (see  §  5),  and  thev 
aie  laid  down  at  greater  length  in  tiie  Science  and  Art  Directories,  which 
can  be  obtained  on  application  to  the  Secretary  of  the  Department. 

3.  When  a  school  or  class  is  first  formed,  the  form  on  the  next  PAgo 
must  be  signed  at  a  general  meeting  of  the  Committee.  If  the  same  Com- 
mittee oontinue  to  uXt  it  will  onlv  be  necessary  to  fill  up  Fonn  No.  168, 
whidi  expresses  the^Ungness  of  the  members  to  undertske  their  duties 
t%x  ano^er  yesr :  but  no  one  can  be  a  member  of  a  Committee,  nor 
assist  in  the  conduct  of  an  examination,' who  has  not  signed  the  form  on 
the  next  page. 

4.  The  rdation  of  the  teacher  to  the  Committee  of  a  school  or  dass 
will  vary  much,  according  to  the  varying  circumstances  of  different 
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looatitieB.  With  tliis  and  other  local  anangenentl  the  Scie&oe  «nd  Alt 
Del^artment  does  not  interfere,  but  leaves  them  to  the  locality  to  settle. 

5.  The  Science  and  Art  Department  requires  that  the  Local  Committee 
sh^l— 

a.  Be  responsible  for  the  safe  custody  ol  all  apparatus  towards  the 
purchase  of  which  the  Department  has  granted  aid. 

b.  Provide  a  room  or  rooms  of  sufficient  sise  to  carry  out  the  annual 
examination  according  to  the  detailed  regulations  under  that 
head.  This  eocansination  is  of  ali  persons  who  Tnsh  to  present 
themselves,  and  not  only  of  those  attending  the  school  or  class ; 
but  those  persons  who  do  not  belong  to  the  school  or  class  must 
send  in  their  names; at  the  Appointed  time,  and  may  be  required 

'  to  pay  a  registration  fee  of  2s*  6d,  for  the  whole  examination. 

0.  See  {hat  school  re^sters,  showing  the  occupations  of  the 
various  students,  their  attendance,  number  of  lessons,  payments  of 
fees,  &c.,  on  approved  forms,  be  kept  properly  filled  up,  and  sent 
to  the  Science  and  Art  Department  when  required. 

d.  Send,  when  required,  to  the  Secretary  of  the  Science  and  Art 
Department  the  list  of  students  to  be  examined,  specifying  the 
subjects  in  which  they  are  to  be  examined.  Be  responsible  for 
conducting  and  superintending  the  examinations  in  accordance 
with  the  rules  of  the  Department ;  giving  out  the  examination 
papers  which  will  be  sent  for  that  purpose  :  seeing  them  fairly 
worked  and  certifying  to  the  same,  not  less  than  three  of  the 
Committee  being  always  present :  and  sending  the  worked  papers, 
imder  seal,  by.  the  day's  post  to  the  Secretary  of  the  Science  and 
Art  Department. 

e.  When  required,  transmit  to  South  Kensington  works  for  exami- 
"  nation  execnted  in  the  school  during  to  previous  year,  andiaake 

an  annual  report  of  the  proceedings  of  the  school  or  class. 

/•  Certify  that  those  students  on  whose  examination  claims  to 
parents  on  resuks  are  based,  are  artisans  oroperatms,  or  can 
chum  as  such ;  and  that  the  payments  claimed  are  «lu»  according 
to  the  regulations. 

g.  Certify  that  those  students,  on  account  of  whose  instruction  in 
Science  payments  are  claimed,  have  received  25  lessons  at  least 
from  the  teacher  in  the  year,  or  since  the  last  examination,  on 
their  passing  at  which  payment  was  daimed  on  their  account. 

6.  The  school  or  class  must  be  at  all  times  open  to  the  visit  and  in- 
spection of  the  officers  of  the  Science  and  Art  Department  as  a  condition 
for  the  grant  of  aid  from  it ;  if  at  any  time  it  is  found  that  the  apparatus, 
examples,  &c.,  towards  the  purchase  of  which  a  grant  has  been  made  are 
not  properly  taken  care  of,  or  that  a  proper  room  with  firing,  lighting,  &c., 
is  not  provided  for  the  class,  the  aid  of  the  Department  will  be  with- 
drawn. 

7.  The  school  or  class  will  be  inspected  periodically  by  an  officer  of 
the  Science  and  Art  Department,  who  will  report  whether  the  regulations 
be  strictly  carried  out.  At  his  visits,  of  which  due  notice  will  Be  given, 
a  meeting  of  the  Committee  must  be  held  to  receive  him,  at  which  as 
many  of  the  members  as  possible  are  expected  to  attend. 
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Vonrof  AFPuainoir  to  act  as  a  ComcmBB  for  a  School  or  CuLMreetMig 
Aid  through  the  Sciengb  and  Art  Dbpastmbxt. 

Thg  Form  is  to  be  /UUd  tn,  signed  at  a  general  meeting  qf  the  Commttee, 
tmi  returned  to  the  Department  immediatidg  on  the  formation  of  a  school  or 
dm, 

.  JfAe  Committee  of  antf  school  or  class  has  not  been  at  least  provisional^ 
Ofpnced  hf  the  Deparismt  before  the  \st  February  in  any  year,  no  nayments 
wl  he  made  on  the  results  of  the  examination  in  the  ensuing  May  qf  that  school 
or  dam, 

Wkena  Committee  continues  to  act  for  another  year  for  a  school  or  dass, 
FomNo.  168  should  be  transmitted  instead  of  this  firm. 

We,  the  nnderngned, 

'  th.  He  Comnrittee  must  consist  f>f  a  Chafrman,  Secretary,  atiA  al  teH  thMe  oth« 
Members,  and  must  l»  oomposed  entirely  of  well-known  rafpooaihle  perwnu 

of  independent  position,  who  have  no  such  personal  interest  In  the  §cnool  or 
.V        disi  as  can  lay  them  open  to  the  sliirhtcst  su'^picion  of  partialitv.  Rolationg 

UidpupiUof  the  t^aclier,  persons  undi  r  iiHtruriion  in  any  school  or  cianfl 

receiving  aid  from  the  Scieiieu  and  Art  D»'i)artment,  and  teachers  of  any 
Im  ^  dflieriptKai  having  pupila  who  are  candidates  for  the  examination!  of  the 

Dewrtment,  are  not  •Ugible  aa  members  of  the  Commit  tee.      ,  .    «  . 
NoiT.— \  gezttiemanivfaoie  son  attends  any  eiamhiation  of  the  Bcaenoe 


pobBc  reipoMftffi^  in  thedistrict.  such  as  Magistratee.  Mimicipal  Antho- 

 rmerXt^otj.  AWcrmen,  or  Town  CouncillorsJ,  He^ls  of  Bdn<*ttOT»t  Hit«- 

bUahmmto  (iVustees  of  Gnunixuur  Schools,  Mamtfen  of  National  Schools). 
Clergymen,  Ac^  should  be  on  the  Committee.  It  fk  afaeolutelj  neoeasaiy  that 
st  least  two  such  responsible  persons  should  acnree  to  aet.  - 
k.  The  Chairman  must  be  a  Magistrate,  Mayor.  Borougiree^  5fOvo8t,  or  Alder- 
maa,  or  other  pubUc  officer  of  recognised  position.  Trustee  of  Grammar 
School,  or  Clefgyman  of  the  EsUbUshed  '.Church  in  parochial  employment. 
He  wffl  have  to  certify  that  the  constitution  of  the  Committee  is  m  acoord- 
aooe  with  the  abore  requirements. 
I.  The  Secretary  of  the  Committee  of  the  School  or  Class,  as  bebi^  them^um 
of  commuidcation,  wUl  carry  on  aU  correspondence  with  the  Science  Md  Art 
Department,  and  is  held  responsible  for  making  out  and  sendmg  aU  retiana 
tequked,  for  the  receipt  and  distribution  oT  the  en^^^oj,  W??^  ft? 
taisi^on  of  the  worW  papers.  Ac.,  at  the  proper  times  accordhig  to  the 
regulations.] 

propose  to  act  as  the  Local  Committee  for  the 

ESeteDM  Sehool.  Selene*  CUm,  Sehoon 
  ofIrt>?Artl«thtClM«.  J 

held  at  the   L    «  Bmidiiif .  J 


nxnm  or  stmn 

-L    orPUee,  J 


r  KaiM  of  aty,  Tow*,"] 
L      or  Vniive.  J 


and  taught  Vy_ 


tattMMhm.  J 
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We  undertake  for  the  year  ending  Slst  Aognst  18  at  least,  and  fhrther  till 
another  Committee  aatislhctory  to  the  Sci^ce  and  Art  Department  haa 
been  appointed, 

1.  To  be  responsible  for  the  saft  civtodj  of  all  the  Apparatus,  Dia- 
grams, Examples,  Casts,  &c.,  towards  the  purchase  of  irhich  the 
Department  has  in  any  way  oontribnted. 

2.  That  three  or  more  of  onr  number  will  be  ready  at  the  appointed  time 
to  be  present  at,  and  superintend,  the  examinations  of  tiie  Sdiool  or 
Class  according  to  the  instmctions  of  the  Science  and  Art  Depart- 
ment, and  gtre  the  teachers  the  necessary  Touchers. 

3.  That  a  room  or  rooms  shall  be  prorided  for  the  due  carrying  oat  of 
such  examination,  according  to  the  rules  of  the  Department,  proriding 
sufficient  space  for  the  examination,  not  only  of  all  persons  taught  in 
the  School  or  Class,  but  of  all  others  who  may  wish  to  attend  the 

4.  When  required  to  transmit  to  South  Kensington  works  for  exami- 
nation, and  to  make  an  annual  report  of  the  School  or  Qass ;  and  to 
comply  with  the  regulations  of  the  Science  and  Art  Department. 

(A  fee  of  not  more  than  t»,  M,  jat»  be  ehaned  on  each  ^ipUeaBt  for 
examination  who  is  not  a  student  in  the  class,  to  reimburse  the  Committse  ibr 
any  extra  expenses  they  may  be  put  to  in  profiding  a  room.) 

5.  That  the  School  or  Class  shall  be  open  at  any  time  to  the  visit  and 
inspection  of  the  Officers  of  the  Science  and  Art  Department. 


BlOVATirBX. 

Adobbsbl 

Ooenpation,  speolaUy  statina 
him  f^filUng  the  eonditians 

of  rules  "  ;k  and  "i  "  ibova 

Mora— On  Mr  JbrmaUoH  «f  a 

tigntd  at  a  gtnwral  witHiftg. 

• 

Chairman. 

Secretarn, 

I  certify  that  this  Committee  complies  with  the  requirements  of  the  rules 
kf  i,  and  k» 


C^ainnan, 

The  Secretary, 

Science  and  Art  Departmait, 

South  Kensington^  London^  W, 
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SCIENCE  AND  ABT  FORM,  No.  168. 

mm  IF  AFPLICATtlH  Tl  lEHEW  A  IMMITTEE. 

To  he  sent  in  before  the  dOM  November, 

Wjb  hare  the  honour  to  inform  yon  that  a  xneetiDg  of  the  Committee  of 

the  rStlOTM  aehoQl,  flelcMe  CtaM»  8ehool-| 

■  L       of  Art,  or  Art  NifhtCUw.  J 

estobfishfid  at  the  [  »«;  g^gj**-] 

at  rilamflorTDwn'l 
—  L  orTlllH*.  J 

was  hdd  at  the  [2Sui] 

on  the  ,  at  which  the  fbllowing  memhen  were 

pTBsent*— 


and  we  were  authorised  by  them  and  the  foIIowtDg  members,  ' 


who  eonld  not  attend,  to  inform  you  that  they  are  prepared  to  continne  ta  act 

ai  the  Comndttee  of  the  ["^SLT 

for  the  year  ending  Slat  August  18  • 

We  hare  also  to  inform  yon  that  additional  members  who  hare  Joined  the 
Committee  haye  signed  the  enclosed  Form  No.  88.     [nit  puifraph  to  1m  tiucd  If 

The  School  will  be  tangfat  by  the  following  teachers  during  the  session : — 


We  have  the  honour  to  be,  Sib, 

Your  obedient  Servants, 


ToliiitSeerttary, 

Sciemce  and  Art  Dtparimentf 

Sumth  Kensingtan,  London,  IT. 


^Chairman. 
_^Seeret(uy. 
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SCIENCE  FORM,  No.  120. 

SCIENCE  CLASSES  UNDER  TEACHERS  QUALIFIED  TO  EARN  PAYMENTS. 

Annual  Report  of  Scienoe  School  ob  Class, 

To  be  made  on  its  establishment,  and  annually  immediately  on  reoommeneing 
after  the  sommer  Tacation. 

In  all  eases  AUform  must  be  sent  in  before  the  \st  November, 

Name  of  Town  

Plttse,  as  Mechanics'  Institution,  &c.,  \ 
in  which  the  ClsBses  are  held     J  ' 

Name  of  Street,  No.,  &c.  


Teachers'  names. 

Their  prirate  addresses. 

Total  No.  of  individual  Stadents  

(If  a  ttodent  attends  two  or  more  clanes  he  must  only  be  oouited  as  <me  student.) 


Classes  ur 
(state  itttdeot). 

Fees. 

No.  of 
Students. 

Dm  on  which 
they  meet. 

Hours  of 
Meeting. 

Period  of  the  Tear 

during  which 
the  Olasses  oontinae . 

Secretary. 

Adireu  <f  Secretary. 
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SCIENCE  FORM,  Na  51. 
•eienoe  Teaohar  In  [^hlSJSS!?] 

 L    OfTllll^  J 


On  bdttlf  of  the  Commltlee  of  Management  of  dds  School,  We  do  herebj 
certify  that:— 


O.)  Mr, 


.baa  duly  performed  the  ▼ariona  dvtiea 


derohing  npon  him  aa  a  Science  Teacher  in  the  School,  during  the 

,  ending  day  of_  18 

(S.)  He  haa  giren  the  following  Btndenta  at  least  25  leaaona  during  the 
year,  or  ainoe  the  last  examination  at  which  payment  was  claimed  on 
their  acooant,  in  each  nihject  for  which  payment  is  claimed. 
(9.)  Tlie  nnder-mentioned  students  belong  to  the  industrial  classes,  as 
coming  within  one  of  the  following  categories,  or  are  the  children  (not 
earning  their  own  livelihood)  of  swih : — 

a,  Artinna  or  operatiTefl  in  the  receipt  of  weekly  wages. 
h.  Coaatgnarda,  policemen,  and  others  who,  though  in  the  receipt  of  weekly 
wages,  do  not  support  themselves  by  manual  labour. 

  e.  Penoos  in  the  receipt  of  salaries  not  large  enough  to  render  them  liable  to 

 ibelueumeUz.  as  some  descriptions  of  derka.  shopmen,  Ac. 

d.  Small  shopkeepers  employing  no  one  but  members  of  thehr  own  ftunily,  and 
_not  assessed  to  the  inoome  tax. 


e,  Tndeamen  and  manufu^turers  on  their  own  account,  supporting  themaalves 
\rj  their  own  manual  labour,  not  employing  apprentices.  Journeymen,  Ao.i 
and  not  aaoeaoed  to  the  income  tax. 

Examined  and  certifled  at  a  meeting  of  the  Committee  held  for  that  pur- 
pose at  [JJSiiS  on  the  day  of  18  . 


^Chairman  or  Stcrttcuy, 


.1  ^1 

I  hers  qf 
.  j  CcmmitUe, 


T  hereby  cerUfy  that  the  following  particulars  are  correct 


.Teacher, 


Nakbs  of  Passed  Students. 


I  of  th«  Hodarti  fliwi  1M  imaftd  alphabrtteany. 


■  Ubc,  bin  aeviecml  ■ 


tUMa«M}|  sad  la  the  tart 


Surname. 

Christian 
Kamein 
folL 

^  J  Trade,or 

l| 

.  Wbnfkthct^ 

Stall 

vnder 
which  of 

Position  at  the  late 
Bxamination. 

tebjeef.!           I  CiMi. 

In  Ro-  /» 
man  Ifu-\A.  «r  S.\  Mt- 
■Mfttb.  1            1  wtmU. 

MM  Sub- 
ject In  anj 

naUoB. 

ment 
claimed. 
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Names  of  Passed  Students. 

N.B.-Th«  MiDM  or  thcstadcots  miHt  be  anmi«cd  alphabedcallj.  After  cmI 
piaeed,  eaeh  in  a  Mpwate  line,  bit  Mrerml  •oeeesaei  (if  he  hM  mora  tb«B  oi 
the  amoont  cUtn^id  ob  okch  locoeM,  after  makluff  the  proper  deduetloas. 


Bumame. 


ChristiAD 
Xsme  in 


^  >i\  Trade. or 
sll  Father's 
•^Sj  Trade. 

!  When  father*! 
^fH  trade  !•  irlTen 
put  (/.)  after  It. 


Bute 

under 
which  of 
the  Cafe- 


Position  at  tlie  late 
Examination. 


fories,a,  Subject.! 


mm  A'n-  ^.  er  Ml- 


jectfaaiqr 


AyplteattoB  tar  Tfttvallliiff  Anowsaoe. 

In  the  performance  of  mj  duties  as  tescher  of  the  ScicaAoe  School 


I  have  incurred  the  travelling  expenses  stated  helow,  and  claim  payment  ibr 
them  in  accordance  with  the  terms  of  the  Bnle  XXVIIL  of  the  Sdeooe 
Directory. 


Partionlm  of  Ezpciiaes  iBCurred. 

AmoiAt 

We  certify  that  the  ahove  particulars  are  correct,  and  that  the  journeys 
as  stated  have  been  duly  made  by  the  teacher. 


.  Chairman  or  Secretary, 


^  Two  mem- 

'  y  benof 
J  CamminBt. 


The  Secretary f 

Science  and  Art  Department, 
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[SPBCIMBN.] 

SaSNCB  FOBM,  No.  51. 


Ibr  Vaymeat  flrom        William  Brown, 
Betonee  T^mAw  In  the  Mechanic^  Institute, 
•t  Worksop 


Nameofl 
tneher.  J 

or  iaatltiiUgn.  J 

NUMOf  tOWBj 


On  behalf  of  the  Oummttee  of  Management  of  this  School,  We  do  hereby 
certify  that?— ' 

(1.)  Mr.  Wmiam  Brown  has  duly  performed  the  Tariona  duties  derolTing 
upon  him  as  a  Science  Teacher  in  the  School,  during  the  year  ending 
Xtk^j  of  June  1870; 

(S.)  he  has  given  the  following  students  at  least  25  lessons  during  the 
year,  or  since  the  last  examination  at  which  payment  was  claimed  on 
their  account,  in  each  subject  for  which  payment  is  claimed  ; 

(3.)  die  mider-mentioned  students  belong  to  the  industrial  dasses,  as  coming 
wUhin  one  of  the  following  categories,  or  are  the  children  (not  earning 
thdr  own  liTelihood)  of  such  : 

A.  Aitiauu  or  operatiTes  in  the  receipt  of  weekly  wages. 

h,  Ooegtfnttrds,  policemen,  and  othera,  Who  though  in  the  receipt  of  weekly 

wigesL  do  not  support  themselves  by  manual  labour. 
e,  FenoDS  in  the  receipt  of  aalaries  not  large  enough  to  render  them  liable  to 

\\n  Innrmt  t*T,       ■^ma  ri«Mn»iptinna  r>f  ftl^t*,  ^npTOffl,  itC 

d  Small  shopkeepers  employing  no  one  but  members  of  their  own  ftunily,  and 

not  aweiseri  to  the  income  tax. 
fi  Tndes— i«i  miMfliflgtmtos  ob  tltefr  awns  maaatat,  sup|>orting  themselTes 

\rs  their  owu  manual  labour,  not  employing  apprentices,  journeymen,  Ao, 

Hiiaot  assessed  to  the  income  tax. 

fiuniasd  and  certified  at  a  meeting  of  the  Committee  held  ibr  that  purpose  at 
^M^hamcs  Inatitmte,  Workiop  [^jj^^^  on  the  S5tk  day  of  July  1879. 

John  Bichards,  Chairman  ei>  SGOrctaiy> 

Mfred  H.  Dickson  f 
yifalter  Harrison  jco^ttee. 
I  hcKlfy  oflrtify  that  the  following  particulars  are  correct 

William  Brown,  Teacher. 

ftirf  Chut  Certificate  in  /.,  //.,  ///. ;  ist  Class  in  X.  and  rg^ie  how  qaaiitei-| 
XL,  lS67i  9nd  Class  in  VIII.  and  IX.,  i66S ;  %nd  Class  L  u>  euB  pumat.  J 
floHwn  ta  IV^  lSt9. 

Naxbs  of  Passed  Studests. 


H J^nt  WMs  of  the  tUMlMita  mart  be  «rmnfcd  alphebcticallf.   After  rerh  ttudent'i  bum  miut  to 
piMl,  tedi  la  a  tcMrAte  lloc,  Us  ec-renl  sqeccMee  (if  to  he*  more  then  one)  ;  and  ia  tlw  laeteolnaa 
 teHMMdateod  «n  each lacceMi alter  aitkl^  th« praptf  dcdocdoM. 


Chriitian 
Name 

f&AiU. 

.1  Trade  or 
FMher's 
Trade. 

ti'wbeaftlbai*! 

•^z;  trade  la  riTca 
m|P«t(/.)afterit. 

state 
aader 
which  of 
the  Gate- 

Clafaale 
Buula. 

Fositi 
Ex 

Smlijeet. 

mamNm^ 
meruU. 

on  at  th 
aminat: 

Stafe. 

e  late 
on. 

Claat. 
mermU. 

IHIfbett 
Podtion  ta 
•aawSah. 
Jeet  la  aay 

previooe 
Bsaml> 

nation. 

Pay- 
ment 
claimed. 

Aiarn  - 
• 

^tisss. 

m 

m 

TaUorif.) 
Carried  ov\ 

A 
m 

X. 

XL 

JP. 
JS. 

4 
9 

B,s 

£S 
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Nameb  of  Passbd  Students. 

I.— Th*  names  of  tha  stodants  «wt  b«  urutttA  ripi|<btteally.  After  mcIi  atadaul^  BaiM  i 
plMad,  eaeh  In  a  icparate  Una,  hla  Mrenl  raee««Ma  (tf  ha  has  mora  than  one)}  and  in  tha  teat 
tha  >w»«*p«t  claimad  m  aadi  •ueoaas,  after  maUnf  wa  propar  dadaetkma. 


Bunuune. 


Christian 
Name 
inftUL 


II 


Tr»debOr 

Pather*8 
Tnde. 

Whanftitaei*! 
trade  la  rlren 
pat  C/0  after  it. 


which  of 
tfceCata- 
corieaa. 


Claim 


Snhket. 
muutNu- 


Position  at  the  late 
Examination. 


stage. 

A.  or  E. 


^HJ^t^ 

suae  Bab- 
Jeet  In  any 


la- 
ment 


Jonea  - 

n 

8mSh  " 


BrtmgM  forward 
WilUam  M»   Clerk  i% 


Henry. 
Bichard 

CharUt. 
t» 


Arthur 


GaaWbrka. 
Bricklaifer 

Fitter 


man  if). 

PubUean 
(/). 


0. 


X, 
J. 
/. 
//. 
F/iJ. 
/X 

jr. 


A, 
A. 
A, 

A. 
H. 
A, 


£9 

A.9 


£9 

a 
a 

M 

» 

a 

a 
4 

4 

4 


AppUoatlon  for  TraTelUnv  Allowance. 

In  the  performance  of  my  duties  aa  teacher  of  the  Science  School  at  Worh- 
aop,  I  haye  incurred  the  travelling  expenses  stated  belov,  and  claim  paymezit 
for  them  in  accordaneo  irith  the  terms  of  the  Bole  XXVIUL  of  the  Setenee 
Directory. 

WilHam  Broum^  Teacher. 


Fartieolan  of  Bxpenses  incurred. 

Amount  fti^m^. 

Reiamfaref  Sh^fflM  to  Worksop,  Snd  clasSf  3i  Jcurnqfs 

6  ii  9 

We  certify  that  the  above  particulars  are  correct,  and  that  the  jonmeys 
as  stated  have  been  duly  made  by  the  teacher. 


John  Richards,  Chairman  SoOFOtWyw 

Alfred  H.  Dickson,']  Two  mem- 
>     bers  of 
Walter  Harrison,  \  Committee. 

-  The  Seereiary, 

Science  and  Art  Departaunt 
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SCIENCE  FORM,  No.  91. 


RilES  Fit  THE  CIJIDOCT  IF  SCIENCE  EXAMINAnONS. 

The  /oOowimg  rules  muti  be  hung  up  in  the  exammaium  room  for  the 
imformatiom  of  the  candidates  one  week  before  the  examination.  Thej 
skoM  all  be  ear^klfy  read  by  the  members  of  the  Committee,  and  those 
appkmg  to  the  candidates  must  be  read  aloud  before  the  Commiitee  and  the 
emJidates  m         mgm  immediate^  before  the  exanmatiou 

Directions  to  thb  Committbb. 

1.  If  one  loom  is  used,  three  of  the  Committee  must  be  present  during 
the  whole  of  the  examination,  if  more  than  one  room  then  two  of  the 
Committee  in  each  room,  who  must  careftilly  watch  the  whole  exami- 
nation  and  see  th&t  candidates  use  no  unfiedr  means  either  by  assisting 
one  another  or  using  books  or  notes.  The  members  of  the  Committee 
can,  if  ihey  wish  it,  relieve  one  another,  as  long  as  the  correct  niunber 
are  always  present.  No  persons  except  those  under  examination,  members 
of  the  Committee,  and  officers  of  the  Science  and  Art  Department  are  per* 
mitted  to  be  present  m  the  room  during  the  examination, 

NoTB.— When  there  ara  not  more  than  three  candidates  it  will  not  be  neoonwry  for 
more  than  two  membera  of  the  Committee  to  be  present  at  the  examination. 

2.  Places  must  be  allotted  to  the  candidates  so  that  they  may  be 
seated  at  least  five  feet  apart,  from  centre  to  centre.  Ink  and  pens 
must  be  provided.  All  diagrams,  &c.,  having  reference  to  the  subjects 
of  the  examination,  must  be  removed  from  the  walls  of  the  examination 
room.  All  these  arrangements  for  the  accommodation  of  candidates 
should  be  completed  by  o.30  p.m. 

3.  It  may  be  of  service  to  the  Committee  that  the  teacher  of  the 
class  should  attend  before  the  examination  begiiis  to  assist  in  getting 
the  candidates  into  their  places ;  his  doing  so,  however,  is  at  the  dis- 
cretion of  the  Committee.  He  may  see  the  candidates  fiU  up  the  forms 
on  the  outside  of  their  papers  and  arrange  them  in  classes  for  the 
elementary  and  the  advancea  papers,  and  for  honours,  which  he  will 
explain  to  the  Committee  so  that  there  may  be  no  confusion.  But  he 
must  leave  the  room  btfore  the  examination  oapers  are  opened:  informa- 
tion of  his  having  remained  in,  or  returnea  to  the  room  after  this  will 
lead  to  the  examination  being  cancelled. 

NOTB. — Should  the  teacher  of  the  class  wish  to  sit  at  the  examination,  he  must  apply 
tpedally  to  the  Committee,  so  that  the;  may  arranso  to  have  a  table  for  Jum 
eloae  to  their  own  seats,  ana  not  with  the  other  candidates. 

4.  The  blank  papers  supplied  by  the  Department  for  the  candidates  to 
write  their  answers  on  should  be  first  distributed,  and  the  Committee 
diould  see  that  the  candidates  commence  by  filling  in  their  names,  &c, 
where  directed.  The  anangement  of  the  candidates  and  distribution  of 
the  papen  should  be  completed  before  6.50  p.m. 

NoiB.— flhoold  no  oaadidate  present  himself  for  ezsonination,  the  packet  of  exambiap* 

tkm  papen  must  be  returned  to  the  Department  by  the  next  post  unopened, 

5.  At  10  pjn.  (on  the-  nights  of  tiie  examination  in  subjects  L>  II., 
and  III.,  at  11  p.m.),  or,  as  much  sooner  as  all  the  candidates  have 
completed  their  papers,  the  worked  papers  must  be  sealed  up  in  the 
envdope  s«pp(m  by  the  Department  for  that  purpose.  Before  tlujy  axe 
tiiw  sealed  up  neither  the  teacher  nor  any  other  person,  not  bemg  a 
mffpilw  d  the  Committee,  must  be  allowed  to  enter  the  room. 
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6.  On  these  examinations  depend  large  grants  of  public  mon^.  On 
their  being  fairly^  honestly,  and  impartially  earned  out  depends  the 
continuance  of  the  system.  The  Committees  are  intrusted  with  this 
duty.  They  will  see,  then,  how  necessary  it  is  to  be  extremely  careful  in 
conducting  the  examinations,  and  to  insist  on  the  rules  being  complied 
with  to  the  letter.  They  are  therefore  re(fuired  to  fill  in  and  sign  the 
certificate  on  the  third  page  of  this  form,  and  to  forward  the  same  with 
each  set  of  worked  papers. 

The  worked  papers  of  the  candidates  are,  as  will  be  seen  from  Rule  12, 
below,  to  be  imtialed  by  members  of  the  Committee.   This  is  to  prevent 

Sersonation.  And  the  Committee  will  see  how  essential  it  is  thiekt  tiiis 
uty  be  not  treated  as  a  mere  matter  of  form. 


Regulations  applying  to  ths  Candidates. 

To  he  read  to  the  Candidates  on  each  evening  before  the  Examination 
Qnestions  are  opened, 

7.  The  candidates  must  be  in  their  places  at  6.50  p.m.  After  this 
time  no  candidate  must  be  admitted  except  under  very  exceptional 
circumstances,  and  br  express  permission  of  the  Committee,  and  then 
only  if  no  person  has  left  the  room  who  has  seen  the  examination  paper. 
No  candidate  must  on  any  account  be  admitted  after  7.30  p.m. 

8.  The  examination  papers  must  be  opened  in  the  examination  room 
in  the  presence  of  the  Committee,  at  6.55  p.m.  No  examination  paper 
may  on  any  pretence  be  taken  from  the  room  before  8  p.m. ;  nor  after 
that  hour  until  every  candidate  has  completed  and  given  up  his  worked 
paper. 

9.  Candidates  should  not  bring  anything  with  them  into  the  exami* 
nation  room,*  except  pens  and  pencils.  No  blotting  paper,  scribbling 
paper,  slates,  or  anythmg  of  the  sort  that  might  be  passed  from  one 
candidate  to  another,  is  on  any  account  to  be  al&wed.  Rough  work  and 
calculations  must  be  done  on  the  supplied  form.  The  back  of  each  leaf 
of  the  form,  t.f .,  pages  2,  4,  6,  and  8,  may  be  reserved  for  this  purpose, 
the  pen  being  drawn  through  to  show  that  they  are  not  for  the  examiner. 
But  nothing  must  be  torn  off  the  form.  All  books,  note-books,  &c.  must 
be  collected  bv  the  Committee. 

10.  Candioates  must  not  on  any  pretence  whatever  speak  to  one 
another  after  the  papers  have  been  given  out.  If  a  candidate  should 
require  to  ask  a  question,  he  will  hold  up  his  hand,  when  a  member  of 
the  Committee  will  attend  to  him,  but  no  Question  on  the  meaning  of 
any  portion  of  the  examination  paper  must  oe  asked  or  answered. 

11.  When  the  examination  papers  have  been  given  out  no  candidate 
must  be  allowed  to  return  after  having  once  left  the  room.f  On  a 
candidate  leaving  the  room  before  the  examination  is  over  his  worked 
paper  and  examination  questions  must  be  taken  ud,  and  he  must  deliver 
his  paper  of  questions  to  the  Committee.  At  10  p.m.,  precisely,  {  nil 
the  candidates'  papers  must  be  collected.  It  will  therefore  be  advisable 
to  warn  them  ten  minutes  before  the  time.  When  a  candidate  has 
completed  his  work  before  10  p.m.  he  should,  with  the  permission  of  the 
Committee,  go  away,  though  not  before  8  o'dock,  after  nis  worked  paper 
has  been  ti^en  by  a  meml^r  of  the  Committee. 


*  Except  such  as  by  the  Time  Table  (Sdenoe  Vorm,  No.  90)  are  required, 
t  It  will,  theraftm^  be  deBirable  to  make  tome  amngemonis  fat  the  oamUdatei  ta 
retire  within  the  itMMn. 
I  Except  in  the  I)rawing  Bxamiiiations,  snldects  1,   and  S,  then  th^ 
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12.  Th»  papers  must^be  initialed,  by  the  Committee  as  directed,  as 
thej  are  recdx^  from  ttch  candidate,  as  a  guarantee  that  each  has  been 
worked  by  him  whose  name,  &c.  it  bears. 

13.  SftovM  a  eandUUUe  break  any  of  the  foregoing  rules,  or  use  unfair 
mem  of  any  deMriptUm,  he  must  be  at  once  expelled  the  examination 
room,  tmd  his  paper  cancelled,  the  Committee  stating  on  it  the  cause  of  his 
tipulsUm. 

Ckrtificatb  by  the  Committeb. 

7b  be  fQed  in  and  signed  by  the  Committee  and  forwarded  with  each  set  of 
worked  papers. 

We,  the  undfitsigiied  members  of  the  Committee  of  tise  Science 

School  or  Class  held  at  

 ["^.^iS?^]  in  ['*tL"r"]  rooms 

hoeby  certiiy  that    we    were    present    durmg  the  examination 

 [sfiStJ 

Wd  in  the  [iSaj.]  on  the 

evening  of  the  where  the  accompanying  papers 

vereworited  in  our  presence,  and  that  the  foregoing  rules  have  been 
•Wcily  complied  with. 

Dated  this  day  of  ^18  . 


Olgiiatufes. 

TimePreMiit. 

Hour  <rf 
Arrival. 

Hour  of 
Departure. 
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F0EMN0.OT4. 

Summary  of  the  Law  relating  (I.)  to  the  Establishmbnt  aad 
Maintenance  of  Public  Libraries^  Museums^  and  Schools 
of  Science  and  Art,  and  (XL)  to  the  AcauismoN  of  Sites  for 
such  Institutions. 


N.B. — This  summary  has  been  pr&pared for  the  general  lafbrmatloB 

OBlT'  of  persons  desiring  to  estahtish  Museums  and  Science  and  Art 
Schools,  but  it  must  be  clearly  understood  that  the  Department  does  not 
hold  itself  responsible  for  its  legal  accuracy,  and  the  promoters  of  such 
institutions  are  recommended  not  to  take  any  definite  proceedings  under  the 
Acts  without  availing  themselves  ofprofessiontu  admce. 


I. 

!•  Any  town>  parish,  district,  or  union  of  parishes,  is  empowered  hv 
Act  of  Parliament  (the  Act  for  England  is  the  18  and  19  Vict,  c,  /O, 
Public  libraries  Act,  1865 ;  amended  by  the  29  and  30  Vict.  c.  114.  As 
regards  Scotland  and  Ireland,  see  §^  10  and  11  below),  to  levy  a  rate  not 
exceeding  one  penny  in  the  pound  for  the  establishment  and  main- 
tenance of  builaings,  with  the  requisite  appliances^  suitable  for  Public 
Libraries  and  Museums,  or  for  Schools  of  Science  or  Art,  or  for  any  or 
all  of  these  purposes,  provided  that  a  minority  of  more  than  one-half  of 
the  ratepayers  present  at  a  public  meeting*  duly  convened,  vote  in  &vour 
of  adopting  the  provisions  of  the  Act. 

2.  The  preliminary  steps  to  be  taken  with  n  view  to  the  adoption  of 
the  Act  are  these 

(a,)  In  Municipal  Boroughs  the  Act  requires  that  the  mayor  shall  con- 
vene a  public  meeting  on  the  request  of  the  town  council,  or  on 
the  request  in  writing  of  any  ten  resident  ratepayers ; 

(b.)  In  Districts  within  the  limits  of  any  Improvement  Act,  the  district 
board  is  to  convene  a  meeting  upon  the  requisition  in  writing  of 
at  least  ten  resident  ratepayers ;  and 

(c.)  In  Parishes,  the  overseers  of  the  poor,  on  the  written  requisition 
of  ten  resident  ratepavers,  are  to  convene  a  meeting  to  determine 
whether  the  Act  shall  be  adopted. 

3.  In  each  case  it  is  necessary  that  ten  clear  days'  notice  of  the  fame, 
place,  and  object  of  the  meeting  be  given  by  affixing  the  same  on  or  near 
the  door  of  eveiy  church  and  chapel,  and  at  least  seven  days'  notice  by 
advertisement  in  a  newspaper  pubhshed  or  circulating  in  the  borough, 
district,  or  parish,  as  the  case  may  be. 

4.  Any  expenses  incurred  in  connexion  with  the  meeting,  whether  the 
Act  be  adopted  or  not,  are  chargeable  upon  the  borough  mnd  or  rates, 
and  may  be  defrayed,  if  necessary,  by  a  separate  rate  speciallv  levied  for 
the  purpose,  such  rate  not  to  exceed  one  penny  in  the  pound. 

5.  If  any  meeting  duly  convened  to  determine  as  to  the  adoption  of 
the  Act  decides  against  it,  no  meeting  for  a  similar  purpose  can  be  held 
until  the  expiration  of  at  least  a  year  from  the  tune  of  holding  the 
previous  meeting. 

6.  If  the  Act  be  adopted  the  organisation  for  carrying  its  provisions 
into  operation  is  as  follows : — 

(a.)  In  Boroughs.  "The  management,  regulation,  and  control  of 
"  libraries  and  museums,  schools  for  Science  and  Art,  shall  be 
**  vested  in  and  exercised  by  the  council/'  or  by  such  committee 
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.  as  iiieeoiincii  mayappomi,  and  ike  nidmbtfs  of  the  eomidiitee  tt« 
not  leqniied  to  be  members  of  the  council, 
(i.)  In  DiAiets.   Tbe  board  or  trustees  aotinff  in  the  execution  of 

tiie  Improyement  Act,  or  a  committee  appointed  by  them, 
(e.)  In  Panskes^  Not  less  than  three  nor  more  than  nine  commis- 
sioners to  be  appointed  by  the  vestry,  are  constituted  a  body  cor- 
ponte  for  the  purposes  of  the  Act,  under  the  name  of  ''Tlie 
Clommissioners  for  Public  Libraries  and  Museums  for  the  Parish 
"  of  in  the  County  of  

7.  The  council,  board,  or  commissioners  are  empowered  to  borrow 
money  at  interest,  on  the  security  of  a  mortgaf^  or  bond  of  the  boroup^h 
Amds,  or  of  the  rate  levied  under  the  Act ;  and  the  provisions  of  the 
Companies  Clauses,  and  Lands  Clauses  Consolidation  Acts,  1845,  are 
inoorponrted  with  the  Public  Libraries  Act. 

8.  Where  two  or  more  neighbouring  parishes  combine  for  the  pur- 
poses of  the  Act,  each  parish  is  to  appoint  not  more  than  three  commis- 
sioners, and  the  commissioners  for  tne  several  parishes  are  to  form  one 
body  corporate,  and  to  act  together  in  the  execution  of  the  Act.  The 
expenses  of  carrying  the  Act  into  operation  are  to  be  borne  by  the 
parisheB  in  such  proportions  as  they  may  mutually  approve. 

9.  It  is  important  to  observe  that  where  a  public  museum  or  library 
has  been  alrndy  established  under  any  Act  relating  to  public  libraries 
or  nmseums,  a  similar  institution,  sucn  as  a  School  of  Science  or  Art, 
mar  be  estabhshed  in  connexion  therewith  without  any  further  pro- 
ceedings bein^  taken  under  the  Act. 

10.  The  fbfiowing  are  the  general  Acts  of  Parliament  relating  to  the 
establishment  and  maintenance  of  public  libraries,  museums  and  Sdiools 
of  Science  or  Art.  Those  printed  in  italics  hare  been  superseded  by 
the  others: — 

Stats.  %  and  9  Vict  e.  43;  13  ani  14  Vict.  c.65;ie  and  17  VicU 
e.  101;  17  and  18  Vict  c.  64;  17  and  18  Vict  c.  103;  18  and 
19  Vict.  c.  40  (Public  Libraries  Act,  Ireland,  1855);  18  and  19 
Vict.  c.  70  (Public  Libraries  Act,  1855);  29  and  30  Vict.  c.  114 
(Public  Libraries  Amendment  Act,  England  and  Scotland,  1865), 
repealed  so  far  as  it  relates  to  Scotland  by  the  30  and  31  Vict, 
c.  37  (Public  Libraries  Act,  Scotland,  1867). 

n.  The  provisions  rekvting  to  the  establishment  and  maintenance  of 
Uhraries  and  museums,  &c.  in  Scotland  and  Ireland  are  substantially 
the  same  as  the  provisions  of  the  Act  for  England,  but  there  are  some 
differences  in  matters  of  detail,  for  which  it  will  be  advisable  to  refer 
to  the  Acts  themselves,  namely,  for  Scotland,  Stat.  30  and  31  Vict, 
c.  37,  and  for  Ireland,  Stat.  18  and  19  Vict.  c.  40. 

II. 

12.  By  17  and  18  Vict.  c.  112  (intituled  "The  Literary  and  Scientific 
"  Institutions  Act  ">-Hafter  reciting  the  expedienc}r  of  i^ording  greater 
fMalities  for  obtaining  and  settling  sites  and  buildings  in  trust  for 
institations  established  for  the  promotion  of  literature,  sdence  or  art, 
or  for  the  diffusion  of  useful  knowledge ;  it  is  provided  that  such  per- 
Wns  and  corporations,  as  are  described  in  the  4  and  6  Vict.  c.  38,*  may 

«  ^eM  u«»  (I)  any  person  being  leised  legally  or  equitably  in  flae  Biuple,  fee  tuL  or 
nrUfe^  in  any  manors  or  bmda  of  freehold,  copyhold,  or  costomairy  tenure,  and  having 
ttie  beoefldal  interest  therain.  In  pomeasion  for  the  time  being ;  and  (2)  any  oorpora- 
ra^eedesSastical  or  lay.  sole  or  aggregate,  in  whom  land  may  be.  iil  any  nurnner, 
IJMr-eolijeot  to  the  proviso  that  no  ecclesiastiGal  covporai^  sole  below  the  digmty 
OTa  bitbop  may  make  such  grant  without  the  consent  in  writing  of  the  bishop  of  the 
diocese. 
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grant,  convey,  or  enfranchise,  either  by  gift,  sale,  or  exchange,  in  fee 
simple,  or  for  a  term  of  years,  any  qjuantity,  not  exceeding  one  acre  of 
their  land,  for  each  separate  institution,  as  a  site  for  such  institution. 

13.  These  powers  are  subject  to  provisos  that  they  shall  not  be  exer- 
cised by  tenants  for  life  unless  the  person  or  persons  next  in  remainder 
join  in  the  grant ;  that  in  case  of  gratuitous  conveyance  of  waste  or 
commonable  land  by  aaoy  lord  of  a  manor,  the  rights  of  all  commoners 
and  others  having  interest  shall  be  barred ;  and  that  upon  any  land  so 
granted  by  way  of  gift  ceasing  to  be  used  for  the  purpcwses  of  the  insti- 
tution, it  shall  revert  to  the  estate  out  of  which  it  was  granted,  except 
only  that  when  the  institution  is  removed  to  another  site,  the  land  may 
be  exchanged  or  sold  for  the  benefit  of  the  institution.  The  same  Ac^ 
of  17  and  18  Vict.  c.  112,  contains  numerous  provisions  relating  to  the 
persons  by  and  to  whom,  and  the  manner  in  which,  conveyances  may 
be  made ;  the  form  of  such  conveyances ;  the  subsequent  sale  or  ex* 
change  of  the  land ;  the  liability  of  trustees  to  whom  land  is  oonvej^ed  in 
trust ;  the  ownership  of  any  personal  pronerty  belonging  to  the  insti- 
tution ;  the  power  to  make  byelaws ;  and  the  manner  in  which  the 
institution  may  afterwards  extend  or  abridge  the  purposes  for  which  it  was 
established,  or  may  effect  its  own  diss(dution  or  tne  adjustment  of  its 
afiisurs. 

14.  The  Act  applies  to  eveiy  institution,  for  the  time  being,  esta- 
blished for  the  promotion  of  science,  literature,  the  fine  arts,  for  adult 
instruction,  and  for  the  diffusion  of  useful  knowledge.  It  also  applies 
to  the  foundation  and  maintenance  of  libraries  or  reading  rooms  (or 
genenl  use  among  the  members  or  open  to  the  public,  of  publie 
museums  and  galleries  of  paintings  and  other  works  of  art,  ooUeetioas 
of  natural  history,  mechanical  and  philosophical  inventions,  instruments, 
or  designs. 

15.  The  conveyance  of  sites  to  trustees,  or  others  associated  together 
for  educational  purposes,  has  been  still  further  facilitated  hj  recent 
legislation.  It  is  no  longer  necessaiy  to  acknowledge  anv  deed  in  order 
that  it  may  be  enrolled  in  the  Court  of  Chanceiy  (Act  &l  and  32  Vict, 
c.  44.  s.  3).  If  the  grantor  be  a  corporation,  or  if  the  conveyance  be 
really  and  bon4  fide  made  for  a  full  and  valuable  consideration,  enrol- 
ment is  no  longer  compulsory,  although  it  is  still  permitted;  but  in  all 
cases  of  voluntarv  grants  by  individuals,  the  deed  must  still,  in  con- 
formity with  the  Mortmain  Acts  (9  George  II.  c.  36,  9  George  IV.  c.  85), 
be  enrolled  within  six  calendar  months  nrom  the  date  of  its  execution 
J31  and  32  Vict.  c.  44.  s.  2). 


SCIENCE  FORM,  No.  349. 


REfllLATIMS  ORDER  WHICH  lOILOIRR  RRARTS  TR  SCHOOLS  OF  SCIEH6I 

ARE  RIAOE. 

I.  A  grant  in  aid  of  a  new  building  suitable  for  a  School  of  Sdenoe, 
or  for  the  adaptation  of  an  existing  building,  will  be  made  provided  that 
the  school  be  built — 

a.  Under  the  PubHc  Libraries  Act  (13  &  14  Vict.  c.  65.,  18  &  19 

Vict.  c.  70.,  29  &  30  Vict.  c.  1 14.),  or, 

b.  In  connexion  with  a  School  of  Art  uded  by  a  Department 

building  grant;  and  subject  to  the  conditions  herein-after  set 
forth. 
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2.  All  applications  for  grants  out  of  the  parliamentaiy  vote  for  any 
year  must  be  sent  in  on  or  before  the  I5th  day  of  November  in  the  year 
pseoeduig* 

3.  Nogrant  will  be  made  unless  their  Lordships  are  satisfied  that,~ 

a.  There  is  a  jpopolation  in  the  neighbourhood  which  requires  a 

Sdiool  of  Sdenoe. 

b.  The  school  is  likelv  to  be  maintained  in  efficiency. 

4.  No  grant  will  exceed  2$.  6d.  per  squire  foot  <^  internal  area,  and 
M  giant  win  exceed  600/. 

5.  The  site,  plans,  estimates,  specifications,  title  and  trust  deed«  mutt 
be  niisfaetoty  to  the  Lords  of  the  Committee  of  Council  on  Education. 

6.  A  plan  of  the  site  must  be  forwarded  drawn  to  a  soUe  of  one-eighth 
of  an  Inch  to  a  foot^  and  showing  the  bound«ie4,  i4>proaches,  and 
abatb^ 

7*  The  site  must  be — 
0.  In  a  sttoation  not  unhealthy  or  noisy. 
b.  Within  convenient  distance  of  the  homes  of  the  students. 
e.  If  possible  freehold  in  tenure,  without  incumbrance  of  rights 
reserved  over  the  surface,  or  reservation  of  minerals.* 

8.  The  sixe  and  number  of  rooms  will  depend  on  local  circumstances 
and  the  different  sciences  to  be  taught  in  the  school.  The  plans  and 
sections  must  be  submitted  with  the  application  for  the  grant,  and  the 
proposed  buildings  must  be  in  accordance  with  the  regulations  then  in 
force  as  to  ske  and  distribution  of  rooms,  ventilation,  and  substantia) 
oonsQmction. 

9.  In  cases  where  they  may  think  it  necessary,  their  Lordships  will 
send  an  officer  of  the  Department  to  inspect  and  report  on  the  suitability 
of  the  building  and  mte  for  the  purposes  of  a  School  of  Science. 

10.  The  plans,  specifications,  and  estimates  when  approved  and 
sealed  may  be  returned  to  the  promoters  for  use,  but  must  be  lodged  in 
the  Science  and  Art  Department. 

11.  A  trust  deed  must  be  prepared  providing — 

a.  That  the  building  be  used  t  m  "  a  school  for  the  instruction  of 

children  and  adults  in  the  pure  and  natural  sciences  appli- 
"  cable  to  industry  and  manufactures." 

b.  That  it  shall  be  open  at  all  times  to  the  inspection  of  the  officers 

of  the  Science  and  Art  Department. 

c.  That  the  students  shall  be  instructed  by  teachers  qualified  to 

earn  payments  on  the  result  of  their  teaching. 

d.  For  the  constitution  of  a  body  of  responsible  trustees  and  a 

committee  of  management. 

12.  This  trust  deed  must  not  be  executed  until  it  has  been  approved 
in  draft  by  the  Lords  of  the  Committee  of  Council  on  Education. 

13.  When  the  trust  deed  has  been  executed,  and  if  necessanr  en- 
rolled, a  copy  of  it,  including  all  signatures,  attestations,  and  endorse- 
ments, must  be  made  on  plain  unstamped  paper,  and  lodged  in  the 
Science  and  Art  Department. 

14.  The  grant  is  made  on  presentation  of  a  certificate  (with  balance 
sheet  annexed)  by  the  building  committee  of  the  school,  setting  forth 
that  the  building  and  conveyanot  M  duly  completed,  and  that  the 
money  in  hand  will,  when  added  to  the  grant,  meet  all  claims  and  finally 
close  the  account. 


*  A  IcMehold  lite  la  not  accepted  by  their  Lordahipfl  when  a  freehold  site  can  be 
obtained. 

t  If  mvower  of  sale,  or  of  appropmting  the  pndnises  to  other  uaea  than  thoee  of  a 
Bdiool  of  Soeuce  be  rwerved.  the  deed  must  contain  a  condition  securing  the  repaj* 
ment  of  the  grant  to  the  Lords  of  Her  Majesty's  Treasnry. 
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APPENDIX  B. 


Stlubxts  of  the  Subjects  in  which  Examinations  in 
SciENGE  are  held  by  the  Defabtbient  of  Science  and 
Abt. 
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SYLLABUS  OF  THE  SCIENCE  SUBJECTS. 


The  following  Syllabus  has  been  prepared  in  order  to 
afford  candidates  some  guide  to  their  reading ;  but  it  must 
be  understood  that  the  questions  in  tiie  examination  need 
not  necessarily  be  on  the  specific  points  enumerated. 

The  examination  is  by  paper,  but  oral  examination  may 
be  resorted  to.  The  examination  in  each  subject  is  distinct 
Mention  is  made  of  text-books  solely  to  afford  a  candidate 
some  assistance  in  selection^  and  a  general  idea  of  the  scope 
of  the  examination,  cmd  not  at  all  to  conjvM  his  readiTig  to 
those  works,  or  to  assert  that  they  are  the  best  on  the  fiu6- 
jects  they  treat  of. 


SUBJECT  I.-PRACTICAL  GEOMETRY. 

Every  one  employed  in  any  constractive  art  must  acquire  the  power  of 
repreaentinff  on  paper  the  forma  and  proportiona  of  the  work  to  be 
executed,  whether  it  be  of  machinery,  or  of  civil  or  naval  architecture ;  and 
others,  not  immediately  interested  in  construction  require,  in  aurveyiDK, 
navigation,  &c.  a  knowledge  of  practical  aa  well  as  theoretical  geometry 
of  a  more  than  elementary  order. 

Since  it  is  essential  to  their  utility  that  geometrical  drawing  should  be 
accurate,  the  draughtsman  must  by  practice  and  instruction  be  suffi- 
ciently acquainted  with  geometry  to  be  able  to  apply  its  theorems  with 
readiness  and  precision,  and  be  sufficiently  skilful  in  the  use  of  his 
instruments  and  materials  to  ensure  neatness  as  well  as  accuracy  in 
execution :  without  these  qualifications  it  is  assumed  that  no  one  will 
present  himself  for  examination  in  this  subject. 

But  although  prepared  to  this  extent,  the  subject  may  be  new  to 
many,  espedaUy  to  those  not  acquainted  with  the  application  of  arithmetic 
and  algebra  to  geometry ;  it  may  therefore  be  necessary  to  apprise  candi- 
dates, not  only  of  what  kind  of  knowledge  will  be  expected,  but  of  ^e 
f6rm  in  which  the  examination  papers  will  be  drawn  up. 

Each  section  will  be  divided  into  three  questions,  of  which  the  candi- 
date may  select  which  he  pleases,  but  as  he  will  in  no  case  be  allowed  the 
numerical  credit  attached  to  each  for  more  than  one  question  from  each 
section,  he  is  advised  to  consider  which  he  is  most  certain  of,  and  not  to 
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ttttmpt  moie  qnestiona  altogether  than  he  is  confident  of  completmg  in 
the  time  allowed  for  the  examination. 

Tlie  candidate  must  also  understand  that  he  must  strictly  comply  with 
the  conditions  of  each  question,  and  not  imagine  that  by  substituting 
c/theoy  provided  they  are  analogous,  he  may  obtain  credit  for  his  answer ; 
strict  impartiality  would  be  violated  by  any  such  latitude. 

Each  paper  will  contain  (questions  in  both  plane  and  solid  geometrr, 
and  to  obtain  a  class  in  either  the  elementary,  the  advanced,  or  tna 
honoim  course,  half  the  questions  at  leaist  answered  by  the  candidate 
must  be  from  the  latter  subject. 


F1B8T  Stags  ob  Ei.smbnta&t  Course. 

Tlane  Geometry, 

1.  To  divide  finite  lines  in  any  ratio  expressed  either — 

a.  By  nmnberw,  integral  or  firactional,  as  m,  n,  pi 
6.  0^  by  given  lines,  as  AB,  PQ,  See. 

2.  To  find  a  mean  proportional,  a  third  or  fourth  proportional  to  two  or 

tiiree  given  lines. 

3.  To  divide  finite  lines  so  that  the  area  of  the  rectangle  contained  by 

the  segments  may  be  of  a  proposed  magnitude,  given  either— 

a.  By  numbers  as  above;  or 

b.  By  a  given  polygon. 

4.  To  cons^ct  a  rectangle  equal  in  area  to  that  of  a  given  polygon. 

5.  To  constnict/i  polygon  from  any  sufficient  data,  as — 

a.  Its  species  and  perimeter, 

b.  Its  species  and  area. 

c.  Similar  to  a  given  one,  but  on  a  given  line,  as  a  base  or  side^ 

or  of  a  given  area. 

6.  To  reduce  a  polygon  of  four  or  more  sides  to  an  equivalent  triangle. 

7.  To  draw  circles  to  touch  given  lines  or  circles,  either — 

a.  Of  a  proposed  radius ;  or 

b.  To  pass  through  one  or  two  given  points. 

Soiid  Geometry. 

A  general  knowledge  of  the  principles  of  Profection  on  two  or  three 
phuies  supposed  to  be  at  right  angles  to  each  other  is  necessary  before 
attempting  any  of  the  foUowing  constructions,  these  projections  are 
ealled  Pkms,  Mlevatione,  Profiles,  or  Sections, 

1.  To  represent  by  &plan  and  elevation  anv  simple  solid,  when  its  form 

and  its  position  with  respect  to  the  horizontal  and  vertical  planes 
of  projection  (as  represented  by  the  paper)  is  given  by  adequate 
conditions. 

2.  To  deduce  a  second  or  third  elevation  or  plan  of  such  a  solid  from 

a  plan  and  elevation  previously  determined. 

3.  To  determine  by  its  plan,  elevation,  or  by  its  traces,  an  indefinite  line 

or  plane  in  any  position  with  respect  to  the  paper  as  representing 
the  horizontal  plane. 

The  points  in  which  any  line  intersects  the  ulanes  of  projection  are 
called  the  traces  of  that  line ;  and  the  lines  in  which  any  plane,  or  other 
surfiice,  intersects  the  same  planes  are  termed  the  traces  of  that  surface ; 
these  terms  traces  are  never  used  in  any  other  sense. 

4.  To  determine  lines  passing  through  a  given  point  parallel,  perpen- 

dicular, or  inclined  at  any  angle  to  a  given  Ime,  neither  pomt  nor 
line  behig  in  tiie  paper. 
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5»  To  detennine  a  plane  to  contain  a  given  point  (not  ia  the  paper)* 

either  parallel  or  perpendicular  to  a  fpven  plane. 
6*  To  detomine  by  its  plan  and  deration  anjr  plane  f^piA  when  its 

position  with  respect  to  the  planes  of  projection  is  given,  either—  . 

a.  By  the  inohnations  to  the  paper  of  its  plane  and  of  one  side. 

b,  Bj  the  inchnations  of  two  of  its  lines, 
e.  By  any  other  adequate  data. 

'  The  principle  on  .  which  this  construction  is  made  is  the  basis  of  all 
practical  solid  geometiy.  It  ia  that  any  two  planes  may  be  supposed  to 
oe  brought  to  coincide  by  the  revolving  of  either  of  them  on  thor  mutual 
intersection ;  the  construction  itself  when  made  or  implied  has  recently 
been  termed  rebattment  Tfrom  the  French).  It  is  b^  this  supposition  that 
the  paper  represents  both  co-ordinate  plimes  of  projection. 

Second  Stagb  or  Advanced  Course. 
Plane  Geometry, 

}•  The  division  of  finite  lines,  or  those  lines  produced  under  any  of  the 
conditions  stated  in  the  previous  course,  or  under  those  of  a  more 
comprehensive  character,  such  as  harmonically,  &c. 

2.  To  determine  by  construction  lines  which  shall  be  equivalent  to 

magnitudes  given  by  algebraical  expressions,  such  as — 

.  «.  \/in,        ^»  '  *  being  numbers,) 

b.  ^±y,  \/ab,  y^±«^  Sec,  &c. 

c  k 

3.  The  construction  of  polygons  from  adequate  conditions  of  sides, 

angles,  area,  perimeter  or  trigonometrical  functions,  as  sin  A,  cos  B, 
tan  C,  &c. 

4.  The  division  of  polygons  into  m  areas  by  parallel  lines,  or  by  lin6s 

drawn  through  a  given  point. 

5.  To  draw  circles  to  touch  given  lines  and  circles  and  to  pass  through 

two  given  points. 

6.  The  construction  of  those- plane  curves  which  are  required  in  practical 

arts  (ellipse,  parabola,  cycloid,  spirals,  &c.,  &c.) 

7.  The  construction  of    scales"  to  drawings,  to  different  units  of 

measure,  English  and  foreign. 

Solid  Geometry. 

In  addition  to  those  dementary  constructions  mentioned  in  the  pre- 
ceding course,  and  under  other  and  more  advanced  conditions,  the 
candidate  will  be  required  to  construct, — 

1.  The  ^phical  representation  of  curved  surfeuses  of  revolution  by  thdr 

sections  or  otherwise. 

2.  The  representation  of  such  sur&ces,  either  touching  or  intersecting 

each  other,  according  to  some  given  condition. 

3.  The  determination  of  planes  touching  such  surfiskces,  and  containing 

given  lines  or  points,  or  else  cuttmg  such  sur£&ces  under  given 
conditions. 

4.  The  development  of  conical  and  cylindrical  surfibces,  with  that  of  lines 

on  those  surfaces. 

6.  The  determination  of  the  shadows  of  solid  bodies  bounded  either  by 
planes  or  curved  surfiaoes  by  parallel  or  converging  rays  of  lights  the 
shadows  bdng  caat  on  planes. 
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N.B.-:^TIie  qawtions  for  ma&vaHpn  ia  ^taa  adTahoed  ooune  will 
tkos  coni|»ri9e  lUl  the  fint  ooune'M  cegards  bothplane  and  solid  geo« 
iBctijr,  only  under  more  .eoizmlex  conditions.  Thus,  forezampk*  tha 
candidate  will  be  requirea  to  determine  the  plan  and  elevation  of  solids 
•f  aof  kind  fiotn  a  plan  and  'deyation  of  more  easy  delineation  than 
that  required ;  this  coustmction  may  be  termed  by  analogy  the  practical 
^imrformation  qf  co-crdinaies. 

Examination  for  Honours. 
PUne  Geometry, 

Candidates  for  honours  will  be  required  to  make  constructions  re- 
latong  to  the  contact  of  lines  and  circles  with  each  other^  and  with  other 
curves,  requiring  more  knowledge  of  geometry  and  the  power  of  nuking 
deductions,  than  is  expected  of  other  candidates ;  but  the  questions  on 
these  and  other  subjects  will  be  of  a  practical  utility  in  geometrical 
drawing.  They  must  possess  some  knowledge  of  analytictu  geometry 
80  as  to  be  able  to  construct  lines  or  circles  given  by  al^ebnJcal  ex- 
pressions referring  to  co-ordinate  geometry  of  two  dimensions  such  as 

Solid  Geometry, 

The  candidate  will  be  eznected  to  be  conversant  with  the  principles  of 
eo-ordinate  geometry  of  tnree  dimensions  so  far  as  to  detenmne  by 
^etr  projections  on  three  rectangular  planes,  points,  and  lines,  and  by 
their  traces  planes,  the  position  of  which  is  given  by  their  equations  such 

a     o  c 

xcosA  ±  ycoaB  ±  ^cos  C  ±p  =  0; 

±  (Sf-*)'  ±  (^-c)*  =  r«,  &c.,  &c. 

He  will  be  expected  to  demonstrate  some  theorems  of  this  sulject  on 
which  constructions  are  based  relating  to  the  parallelism  or  perpen^- 
dicularity  of  lines  and  planes,  and  the  relation  of  the  projections  of  areas 
to  the  originals. 

He  will  have  to  construct  lines  and  planes  inclined  to  given  planes  at 
oblique  angles,  and  lines  and  planes  touching  surfetces  of  the  second 
order,  as  the  ellipsoid,  paraboloid.  Sec,  Sec, 

He  must,  by  the  projections  of  their  generators,  define  surfaces,  the 
law  of  their  generation  being  given,  and  determine  tangent  and  normal 
planes  to  such  sur^^BK;es. 

When  surfaces  of  any  order  are  represented  by  the  projections  of 
sections  made  by  jpoirallel  equidistant  norizontal  planes,  they  are  said 
to  be  contoured.  This  mode  of  ^phically  defining  surfaces  is  by  far 
the  most  useful ;  in  surveying  it  is  employed  to  represent  the  natural 
ground  or  the  earth-works  constructed  m  embanking^  tunnelling,  fortifi- 
cation, &c. ;  the  lines  of  contours  suggesting  to  the  eye  the  nature  of 
the  surface  as  regards  its  inclination,  slope,  or  its  variations  in  horiaontal 
direction. 

Hie  comtours  of  geometrical  surfsoes  are  geometrical  lines  capable  of 
iMiiate  detemunation  and  construction,  the  candidate  will  be  required 
occasionally  to  show  surfiMcs  plane  or  carved  by  their  contours. 
.  The  mutoal  intersections  of  curved  surfaces  are<  curves  of  double 
cmvttture,  whicfa  can  only  be  xqnesented  by  their  projections;  and 
nonoaland  oaculatory  planes  to  such  hues  can  only  be  drawn  when  the 
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surfaces  on  which  these  lines  lie  can  be  graphically  represented.  Easy 
cases  of  these  constructions  are  required  by  the  carpenter,  by  the  mason, 
and  shipwright,  in  the  construction  of  yaults,  cupolas,  oblique  bridges, 
vessels,  and  on  other  occasions. 

Many  probkms  are  soWed  by  the  principle  of  development,  such  as 
the  solution  of  the  spherical  triangle,  tne  construction  of  maps. 

The  candidate  must  be  acquainted  with  the  principles  of  perspectwe 
or  radial  projection,  so  as  to  be  able  to  represent  any  building  on  those 
principles,  but  he  must  also  understand  the  determination  of  the  radial 
projecnon  of  simple  solids  deduced  from  their  orthographic  projection, 
and  Ihe  construction  of  planes  and  hnes  analogous  to  the  elementary 
constructions  of  orthographic  projection. 

The  candidate  cannot  be  expected  to  make  complicated  constructions 
in  the  time  allowed  for  this  examination,  but  the  questions  will  be  so 
selected  and  diversified  that  he  can  prove  his  knowledge  of  all  the 
subjects  of  this  syllabus  by  the  easy  constructions  those  questions  may 
require,  and  such  demon  steitions  or  definitions  he  may  be  called  on  to 
make  may  be  quickly  given  in  brief  expressions,  eitner  in  words  or 
algebraically. 

The  following  books  are  recommended  for  study  in  Sulject  I. : — 

JFbr  Theoretical  Cfeametry, 

Euclid's  Elements  of  Geometry  (School  Edition),  by  R«  Potts,  12&io., 

4s,  6d.  (London,  Longman,  18d8.) 

Plane  Geometry  according  to  Euclid  (Chambers'  Series),  bv  A.  Bell, 

12mo.,  Is,  6a,  (London,  Chamben.) 

Elements  of  Euclid  (Weale's  Series),  by  H.  Law,  l2mo.,  2s, 

(London,  Virtue,  5th  ed.,  1868.) 
Manual  of  Euclid,  by  J.  A.  Galbraith  and  S.  Haughton,  12mo.,  two 

]parts,  25.  6d.  each.  (London,  Cassell,  1868.) 

Principles  of  Modem  Geometry,  by  J.  Mulcahy,  8vo.,  9*. 

(London,  Simpkin,  2nd  ed.,  1862.) 
£lAnenis  de  G^m^trie,  par  Legendre^  avec  Notes  par  Blanchet,  8vo., 

4s.  (Paris,  Didot,  11th  ed.,  1867.) 

For  Analytical  Geometry, 

Treatise  on  Plane  Co^dinate  Geometry  as  applied  to  the  Straight  Line 
and  the  Conic  Sections,  by  1.  Todhunter,  8vo.,  7s.  6d, 

(London,  Macmillan,  4th  ed.,  1867.) 
A  Treatise  on  Conic  Sections^  by  G.  Salmon,  8vo.,  12^. 

(London,  Longman,  4th  ed.,  1863.) 
Analytical  Geometry  of  Three  Dimensions,  by  G.  Salmon,  8vo.,  12s. 

(Dublin,  Hodges  &  Smith,  2nd  ed.,  1865.) 
Treatise  on  the  Antdytical  Geometry  of  Three  Dimensions,  by  J.  Hymers, 
8vo.,  lOs.  Sd,  (Cambridge,  Deighton,  3rd  ed.). 

£l^ments  de  G^mitrie,  par  S.  F.  Laoroix,  8vo,,  4s,        (Paris,  1863.) 
Analyse  ajppUqu^e  a  la  GionUtrie  des  trois  Dimensions, jaai  C.  F.  A. 
Leroy,  8vo.,  6*.  (Paris,  1854.) 

For  Practical  Geometry, 
Practical  Geometry,  by  Thos.  Tate  (Gleig's  series),  18mo.,  Is. 

(London,  Longman,  1868.) 
Elements  of  Geometrical  Drawing,  by  Thos.  Bradley,  in  two  parts, 
oblong  folio,  each  I6s.  (iJondon,  Chapman  &  HaU,  1862.) 

Practical  Geometry,  Linear  Perspective,  and  Projection,  by  Thos. 
Bradley  (Libraiy  of  Useful  Knowledge),  8vo.    (London,  Baldwin.) 
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Blemeats  qf  De«cr»pltre  Otometry,  hj  J,  Woolley,  text  8vo.^  plates 
4ia.  209.  (London,  Parker,  1850.) 

ElemetUary  Gwmetrical  Drawing,  by  S.  H.  Winter,  in  two  8vo.  parts, 
3s,  6d.  and  6$,  6d.  (London,  Longman,  1861.) 

Elementary  Treatise  on  Descriptive  C^eometry,  bv  J.  F.  Heather, 
(Weale's  series),  12mo.«  2s.  (London,  Weale,  1851.) 

First  lanes  in  Geometrical  Drawing,  by  J.  F.  H.  De  Rheims,  8vo.,  9s. 

(London,  Williams  &  Norgs^te,  1865.) 
^DraiU  de  G^m^trie  Descriptive,  par  J.  Adh^mar  (with  Atlas),  8vo. 
2Qs.  (Paris,  4th  ed.) 

Essais  de  G^om^trie  sur  les  Flans  et  les  Surfaces  Courbes,  par  S.  F. 

Laooiz.  (Paris,  7th  ed.) 

Ttaitide  G^omitrie  Descriptive,  par  Lefebure  de  Fourcj,  2  vols.,  8vo. 

(Paris,  1864.) 

Traitide  G^om^trie  Descriptive,  par  La  Yallee  (with  Atlas),  4to.,  15^. 

(Paris,  2nd  ed.,  1825.) 

UmiU  de  St^4otomie,  Sfc,  par  C.  F.  A.  Leroj,  amot^e  par  £.  Mar- 
teld,  4to.  (with  Atlas  in  folio).  (Paris,  1866.) 

Nofes  tt  Croquis  de  Geom^trie  Descriptive,  par  Bardin,  folio,  10;. 

(Paris,  2nd  ed.,  1837.) 


SUBJECT  II.— MACHINE  CONSTRUCTION  AND  DRAWING. 

First  Stags  orElemkktary  Courss. 

The  candidate  will  have  to  draw  from  sketches  and  written  conditions 
%  elementai7  constituent  parts  of  all  mectianism,  such  as  wheels,  cams, 
Ms,  cranks,  couplings,  shafting,  excentrics,  cushions,  or  pillow  hlocks, 
but  he  nnist  show  his  knowledge  of  machineiy  hv  suppljring  those  details 
ind  that  finish  of  execution  that  are  int^tionally  omitted  in  the  sketch. 
Any  indication  in  the  candidate's  work  that  he  has  simply  copied  the 
sketch,  only  altering  the  scale,  without  understanding  the  principle  of 
tile  mechanism,  will  invalidate  his  examination. 

The  essential  condition  of  symmetry  which  characterizes  all  the  works 
of  man,  that  of  being  counterpart  on  each  side  of  a  central  line  or  axis  of 
^metrv,  indicates  the  proper  mode  of  drawing  such  objects ;  this  prin« 
ciple  in  drawing,  which  may  be  called  "  copying  by  co-ordinates,"  must 
be  rigQronaly  observed,  not  only  in  the  general  forms  but  even  down  to 
the  sDuUest  details ;  unless  it  is  so  tl^  drawing  must  be  worthless, 
kcnue  inaccurate. 

Second  Stack  or  Advanced  Course. 

The  candidate  will  have  to  represent  combinations  of  the  above-named 
elementary  parts  in  machineiy,  as  engines,  lathes,  drilling,  planing 
machines,  tools,  clock-work,  &c.  He  wiU  have  unfinished  sketehes  <» 
snch  combinations  set  before  him,  and  he  will  be  expected  occasionally 
to  show  the  parts  in  that  different  pontion  which  would  be  produced  by 
the  motive  power  acting  on  mutually  dependent  parts. 

He  will  also  occasioiwlly  be  required  to  show,  in  skeleton  outline,  new 
combinations  for  effecting  some  changes  of  motion  and  velocity  according 
to  conditions. 


*  The  most  practical  of  all  French  works. 
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He  must  also  be  able  to  tepres^nt  parte  of  me<$ha]ii«m  that  admit  of  it 
in  isometrical  projection.  .    .  ,  -  ; 

Examination  for  Honours. 

The  candidate  will  be  required  to  make  one  or  more  drawings  to  scale 
of  some  machine  intended  to  efPect  a  prescribed  operation,  from  a  descrip- 
tion, aided  by  sketches  of  those  parts  requirin^^  especial  explanation. 
These  drawings  he  will  be  allowed  to  execute  at  his  own  home. 

In  addition  he  will  have  to  answer  in  writing,  and  by  sketches  to  scale 
illustrating  his  answers,  questions  on  the  general  principles  of  mechanism, 
the  modes  of  connecting  the  power  with  the  work,  the  different  modes 
of  changing  the  velocity  of  the  motions  produced,  and  generally,  analo- 
gous questions  intended  to  ascertain  his  knowledge  of  machineiy,  and 
the  means  of  representing  it. 

Works  containing  illustrations  of  engines,  tools  and  machines  are  too 
numerous  and  well-known  to  require  enumeration,  but  for  the  principles 
pf  mechanism,  the  following  are  particularly  recommended  : — 

The  Elements  of  Mechanism,  by  T.  M.  Goodeve,  8ro.,  6s,  6d, 

(London,  Longman,  2nd  ed.,  1865.) 
Dynamics^  Construction  qf  Machinery,  by  G.  F.  Warr,  8vo.,  9s.  6d. 

(London,  Baldwin,  185L) 


SUBJECT  III.— BUILDING  CONSTRUCTION. 

First  Stags  or  Elementary  Course. 

The  candidate  will  have  to  draw  from  unfinished  sketches,  as  stated 
for  the  preceding  subject,  parts  of  constructions,  such  as  wsJls,  floors^ 
roofs,  partitions,  arches,  &c.  The  same  remarks  and  injunctions  apply 
here  as  for  Subject  No.  H.  In  building  construction  the  knowledge  of 
the  candidate  will  be  shown  by  the  bond  of  his  brickwork,  the  framing 
and  scantling  of  his  timber,  and  joinery  of  his  doors  and  sashes,  and  by 
^e  characteristic  peculiarity  of  cast  or  wrought-iron  structures. 

Second  Stage  or  Advanced  Course. 

The  candidate  will,  in  addition  to  more  elaborate  drawings  of  the  same 
elementary  parts,  have  to  draw  parts  of  viaducts,  bridges,  embankments, 
docks,  &c.  &c.,  and  will  have  to  answer,  in  writing,  questions  on  thtf 
^mtenal,^  brick,  stone,  slate,  timber,  &c.  used  in  such  works. 

In  addition  he  will  occasionally  be  called  on  to  design  parts  of  stmo- 
tures  according  to  given  conditions  of  use  and  materisd,  but  as  the  time 
allowed  for  the  examination  does  not  admit  of  any  complicated  drawing, 
he  can  only  be  expected  to  show  his  knowledge  and  taste  by  his  drawing 
as  f&r  as  it  goes. 

Examination  for  Honours, 

The  candidate  will  have  to  make  one  or  more  drawings  of  a  building 
for  some  special  use  from  description  and  specification,  these  drawing! 
he  will  be  allowed  to  exccutq.  at  his  own  home,   Se  will  also  have  to 
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inswer  in  writing,  illujstrated  when  directed  by  sketclies  to  scale,  qaes- 
tions  on  the  following  subjects  : — 

The  different  materialH  used  in  building,  the  mode-  of  pieparing  them 
and  their  application  in  different  parts. 

The  franaing  of  timber  in  roofs,  floors,  partitions,  stairs,  &c. 

The  use  of  iron,  cast  or  wrought ;  the  construction  of  lattice  girders  in 
▼iadttcts,  bridges,  &c. 

The  oonstruction  of  brick,  stone,  or  iron  bridges,  direct  or  oblique, 
nupension  bridges,  tunnels,  drains,  &c.,  &o.  . 

Worka  containing  examples  of  building  construction  are  numerous.  ' 
The  following  is  recommended : — 

£zamp2e9  of  Building  Construction,  by  H.  Laxton,  in  four  parts,  folio, 
each  21,  \0s.  (London,  1856-62.) 


SUBJECT  III  (ALTERNATIVE).-.NAVAL  ARCHITECTURE. 

First  Stage  or  Elembntary  Course, 

Candidates  for  the  elementary  course  will  be  required  to  possess  suffi- 
cient knowledge  of  practical  ship-building,  to  apply  the  various  ma- 
terials used  for  that  purpose  to  the  greatest  advantage.  Also  to  be  able 
to  make  sketches^  to  scale,  of  the  component  parts  of  a  ship's  hull. 

Second  Stage  or  Advanced  Course. 

Candidates  for  the  more  advanced  course  will,  in  addition  to  that 
directed  for  the  elementary  course,  be  required  to  make  detail  and 
working  drawings,  showing  a  knowledge  of  the  methods  of  combining 
tile  several  parts  of  a  ship's  hull.  Also  to  possess  a  knowledge  of  laying 
off  oD  the  mould  loft  floor. 


Examination  for  Honours. 

The  honours  examination  will  embrace  questions  relating  to  the 
calcalation  of  displacement,  in  addition  to  that  prescribed  for  the  pre- 
ceding courses ;  and  the  candidates  will  be  reqmred  to  make  a  drawing 
at  home,  comprising  sheer,  half-breadth  and  body  plans,  from  data 
which  will  be  furnished. 
Neatness  and  accuracy  in  drawing  will  be  insisted  on. 

'The  following  works  will  comprise  all  that  the  teachers  will  require  as 
text  hooks,  viz. : — 

Bm^ments  of  Naval  Architecture,  by  James  Peake  (Weale's  Series), 
12mo.,  35.  (London,  Weale,  1861.) 

Sh^pbmliUng  in  Iron  and  Steel,  by  E.  J.  Reed,  8vo.,  30s. 

(London,  Murray,  ISfiS.) 
Bireeiionsfor  Laging-off  Ships,  by  J.  Fincham,  8vo.,  25s, 

(London,  Whittaker,  1840.) 
Outline  of  Shipbuilding,  by  J.  Fincham,  8vo.,  3\s.  6d. 

(London,  Whittaker,  1853.) 
ShifhuHding,  Theoretical  and  Practical,  edited  by  W.  J.  M.  Rankine. 
folio,  84s.  (London,  Mackenzie,  1866.) 
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SUBJECT  IV.—ELEMENTARY  MATHEMATICS. 

The  questions  which  will  be  set  in  the  two  grades  or  stages  of  the 
class  examination  will  be  confined  to  the  following  subjects,  and  the 
answers  which  will  ensure  full  marks  must  be  given  in  accordance  with 
the  instructions  annexed  to  each  division. 

1.  Arithmetic  generally. — ^The  performance  of  numerical  calculations 

with  accuracy  and  lucid  arrangement  and  explanation  of  the 
reasons  of  processes  of  a  simple  kind  may  be  aemanded.  This 
branch  is  mentioned  not  so  much  as  a  separate  subject^  but 
because  wherever  examples  are  given  which  involve  numbers,  the 
complete  solution  in  fi^fures  should  be  given:  that  it  may  be 
ascertained  by  the  examiner  that  the  candidate  can  from  formula? 
in  symbols  deduce  useful  numerical  results. 
Decimal  fractions  in  all  cases  to  be  shown  (not  vulgar  fractions)^ 

2,  Geometry, — ^The  properties  of  lines,  triangles,  rectilinear  figures,  the 

circle,  properties  of  similar  figures,  inscribed  and  circumscribed 
polygons. 

The  examination  questions  in  this  subject  will  generally  be  set 
in  the  words  of  Simson's  Euclid,  but  any  logical  proof  of  a  pro* 
posed  theorem,  or  accurate  solution  of  a  problem,  will  receive  full 
credit  if  it  be  clearly  evident  that  the  candidate  has  apprehended 
the  course  of  reasoning  which  preceded  the  proposition.  Candi- 
dates should  endeavour  to  draw  good  figures,  ana  should  as  maA 
as  possible  keep  the  demonstration  on  the  same  page  with  the 


3.  Algebra. — Definitions.    Simple  rules.    Greatest  common  measure 

and  least  common  multiple.  Indices.  Involution  and  Evolution. 
Simple  equations  and  problems  producing  them.  Fractions. 
Quadratic  equations  and  problems  producing  them.  Ratio.  Pjro- 
portion.  Variation.  Permutations  and  combinaticms.  Progres- 
sions, arithmetical,  geometrical,  harmonical ;  and  the  binomial 
theorem  for  a  positive  inte^l  index. 

4.  Plane  Trigonometry. — Definitions.    Conversion  of  degrees  and  their 

subdivisions  into  grades,  and  their  subdivisions,  and  vice  vend. 
An^lar  and  circuutf  measures  of  degrees  and  their  relation.  Hie 
gomometric  functions  of  angles  and  the  conversion  of  one  into 
another.  The  arithmetical  values  of  the  goniometric  functions  of 
90°,  46°,  60°,  30°,  180°,  120°,  150°,  &c.  The  meaning  of  contra- 
riety of  signs  in  trigonometry.  Tracing  of  the  goniomemc  functians 
in  magnitude  and  algebraic  sign  through  the  four  quadrants  and 
.when  an  angle  is  indefinitely  increased. 
Formulx  for  multiplication  and  division  of  angles,  viz :  sine,  oo&ine» 

tangent,  &c.,  of  {A+B),  2A,  3A,     and  ^  .  Also  of  A  and  B  in 

^A-^B  .A-B 
terms  of  — g —  and    ^  ' 

Logarithms. — Definition.  Multiplication,  Division,  Involution 
and  Evolution  by  logs.  The  use  of  logarithmic  tables.  Tables  of 
proportional  parts  for  numbers  and  angles.  Modulus.  Con- 
struction of  logarithmic  tables,  and  of  tables  of  logarithmic  sines, 
cosines,  &c. 

TrioMles. — Formulse  for  cosine  of  an  angle  of  a  triangle  in  terms 
of  its  sides.  The  relation  between  sines  of  angles  and  the  opposite 
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sides ;  sine,  cosine,  tanf^ent,  &c.,  of  half  an  angle  of  a  triangle  in 
terms  of  sides,  and  of  the  sine  of  an  angle.  Area  of  a  triangle. 
Solution  of  triangles.  Diameters  of  cirdes  inscribed  in  and  cir- 
cumscribed about  a  given  triangle.  Areas  of  regular  polygons 
inscribed  in  and  circumscribed  about  a  given  circle.  Area  of  a 
ctrele.  Description  and  use  of  vernier  and  theodolite  and  sextant. 
Heights  and  distances  of  inaccessible  objects. 
The  extent  of  the  ezamination  is  shown  by  the  detailed  particulars 
irnda  each  head. 

First  Staos^  or  Elsmentary  Course. 

In  the  first  paper  the  questions  will  be  restricted — 

1.  In  geometry  to  the  properties  of  lines,  triangles,  rectilinear  figures, 

and  the  circle,  (t.  e.  in  the  case  of  Euclid's  dements  not  beyond 
the  end  of  the  third  book). 

2.  In  algebra,  the  subjects  mentioned  above  up  to  and  including 

simple  equations  and  (juestions  producing  them,  together  witn 
proportion  and  arithmetical  and  ^reometrical  progressions. 

3.  liigfnumetry. — The  subjects  mentioned  before  logarithms. 
Logarithms, — The  use  of  logarithms  and  logarithmic  tables  only 

including  the  tables  of  proportional  parts. 
TriungUs. — ^The  solution  of  right-angled  triangles  only,  and  such 
problems  of  heights  and  distances  as  depend  only  on  the  solution 
of  nght-«ngled  triangles. 
The  lowest  class  of  those  who  will  be  approved  on  this  paper  may  be 
nadied  by  students  who  know  accurately  the  first  book  of  Euclid,  can 
solve  sim^e  equations,  and  can  prove  the  formulae  for  solution  of  right- 
angled  triangles. 

Second  Stage,  or  Advanced  Course. 

In  the  second  or  advanced  stag[e,  the  questions  will  go  over  the  whole 
eKtent  of  the  sulject  as  set  forth  in  the  detailed  syllabus  given  above. 

Examination  pgr  Honours. 

The  range  of  subjects  being  the  same,  it  will  be  propo^d  in  this  paper 
to  place  before  the  student  questions  which  will  be  chiefly  problems  or 
theorems  of  the  more  difficult  kind  in  each  part.  In  algebra,  the 
examples  given  will  require  more  femiliariiy  with  the  subject:  in 
geometry,  the  questions  will  chiefly  be  deductions,  or  may  require  the 
aid  of  trigonometry  as  well  as  pure  geometry  for  their  complete  answer : 
in  trigonometry,  besides  questions  which  will  exercise  the  student's 
iogenuitf  and  test  his  familiarity  with  principles,  the  subject  of  angles 
fi;ieaAerttiaa  two  right  angles,  and  the  relations  between  trigonometric 
•ratios  and  all  the  angles  which  they  indicate,  will  be  included ;  trigono- 
metric eliminations  and  transformations  and  the  application  of  algebra 
to  geometry  must  be  familiar.  (It  is  not  meant  b;^  this  that  analytical 
gecnnetrv  or  the  equations  of  the  line  and  circle  vnW  be  required,  but 
chiefly  the  algebme  representation  of  geometrical  ratios.) 

The  books  in  which  elementary  mathematics  may  be  studied  are  too 
numerous  to  be  mentioned,  but  as  specimens  of  good  and  trustworthy 
iieatises,  which  may  be  used  with  advantage  bv  candidates  who  hav^ 
little  or  no  assistance,  the  following  works  by  Mr.  Todhunter  may  be 
neonmundedt— 
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dtgebrafor  Beginners,  I81110.,  2$.  6d. 

(London,  Macmilkn,  new  ed.,  1867.) 
Algebra  for  the  use  o/OoUeges  and  Schools,  8vo.,  7». 

(London,  Macmillan,  4th  ed.,  1866.) 
Trigonometry  for  Beginners,  18mo.,  2s,  6d. 

(London,  Macmillanj  1866.) 

Elements  of  Euclid,  18mo.,  3s.  6d. 

(London,  Macmillan,  new  ed.>  1864.) 
Plane  Trigonometry.    8vo.  5s.    (London,  Macmillan^  2nd  ed.>  1861.) 

More  advanced  students  may  study  with  advantage  : — 

Wood's  Elements  ofAlgdnra,  by  T.  Lund,  8vo.,  I2s.  6d. 

(London.  Longman,  new  ed..  1861.) 
which  contains  an  abundant  supply  of  examples  in  Algebra. 

Also, — 

Arithmetic  and  Algebra,  by  Barnard  Smith,  8vo^  10*.  6d. 

(London,  Macmillan,  7th,  ed.^  1860.) 

may  be  found  useful. 


SUBJECT  V..HICHER  MATHEMATICS. 

First  Stage  or  Elementary  Course. 

1.  Algebra. — Theory  of  indices  (fractional  and  negative).  Binomial 

theorem  with  fractional  and  negative  indices.  Interest,  equation  of 
payments,  annuities.  Multinomial  theorem  (integral  exponent). 
Exponential  theorem.  Indeterminate  equations  and  problems  of 
the  first  degree.  Indeterminate  coefficients.  Resolution  of  easy 
rational  fractions  into  partial  fractions.  Scales  of  notations.  To 
express  numbers  in  difiimrent  scales.   Logarithmic  series. 

2.  Drigonometry. — Demoivre's  theorem  for  a  positive  integral  index. 

To  express  the  sine,  cosine,  and  tangent  of  the  sum  of  any  number 
of  angles  in  terms  of  the  sines,  cosines,  and  tangents  of  t&e  simple 
angles.  To  express  the  sine,  cosine,  and  tangent  of  a  multiple 
angle  in  terms  of  the  powers  of  the  sine,  cosine,  and  tangent  of  tiie 
angle.  To  express  the  powers  of  sine,  cosine,  and  tangent  of  an 
angle  in  terms  of  the  sines,  cosines,  &c.,  of  the  multiple  angle. 
Expressions  for  sine,  cosine,  and  tangent  of  an  angle  in  terms  of 
the  angle. 

3.  Spherical  Trigonometry. — Definitions  and  fimdamental  properties  with 

regard  to  limits  of  values  of  sides  and  anffles.  To  express  the  arc 
of  a  smaU  circle  in  terms  of  the  corresponding  aro  of  a  great  circle. 
The  polar  or  supplemental  triangle  and  its  properties.  The  area  of 
a  spherical  triangle  in  terms  of  the  angles  (spheriad  excess).  To 
prove  that  the  sines  of  the  angles  are  proportional  to  the  nnes  of 
the  opposite  sides.  To  express  the  cosine  of  an  angle  in  terms  of 
the  cosines  and  sines  of  the  sides,  and  the  cosine  of  a  side  in  terms 
of  cosines  and  sines  of  the  angles.  To  express  the  relation  between 
two  sides  and  two  angles,  one  of  which  is  included  by  the  sides 
(e.^..  Cot  a  Sin  6  =  Cos  6  Cos  C+ Sin  CCotA),  Solution  of  right- 
angled,  quadrantal,  and  isosceles  triangles. 

4.  Co-ordinate  Geometry  and  Conic  Sections. — Co-ordinates  of  a  point. 

To  express  the  area  of  a  triangle  in  terms  of  the  co-ordinates  of  tbs 
angular  points.   Locus  of  an  equation.   Equation  to-ibeam. 
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Equatifln  to  a  straight  line  in  variooB  forms  refemd  to  rectangu- 
lu,  oblique,  and  pour  co-ordinates.  Equation  to  a  straight  hne 
through  one  or  two  points,  or  parallel  to  a  given  straight  line.  Co^ 
ordinates  of  points  of  intersection  of  two  or  more  straight  lines. 

To  find  tiie  angle  between  two  given  straight  Imes,  and  the 
equation  to  a  straight  line  perpendicular  to  a  given  straight  line, 
or  making  a  given  angle  with  it.  To  find  the  length  of  the  per- 
pendicular let  fiJl  firom  a  given  point  on  a  straight  line.  (Rect- 
angular axes.) 

Transformation  of  co-ordinates  by  changing  the  origin,  by 
changing  the  direction  of  the  axes,  both  rectangular  and  oblique, 
by  changing  rectangular  to  polar  co-ordinates,  and  vice  versd. 

The  Circle, — Equations  to  the  circle  and  to  the  tangent  and 
normal  of  a  drde  at  any  point. 

Parabola, — Definition,  and  equation  referred  to  rectangular  axes. 
To  find  tiie  equation  to  the  tangent  and  normal.  To  show  that 
SP  =  ST==  SGr.  To  find  the  length  of  the  perpendicular  from  the 
focus  on  the  tangent. 

EUipse, — Demiition  and  equations  (rectangular  axes).  Directrices 
and  foci.  To  express  the  focal  distance  in  terms  of  tiie  abscissa. 
The  sum  of  the  focal  distances  is  equal  to  the  axis  nugor.  The 
exoentric  angle.  To  express  the  co-ordinates  of  a  point  in  terms  of 
tiie  exoentrio  angle. 

The  equations  to  the  tangent  and  normal.  To  show  that  CT  =r 
CA* 

CG  =  e^CM.   The  normal  bisects  the  angle  between  the  focal 

dbtancesj  the  length  of  the  perpendicular  from  the  focus  on  the 
tangent. 

Hyperbola. — Corresponding  propositions  to^  those  for  the  ellipse. 
The  equilateral  or  rectangular  hyperbola. 

5.  Differential  Calculus, — Definitions.   Limit.   Differential  coeflidient. 

Differential  coefficients  of  sum,  product,  or  quotient  of  functions. 

To  find  the  differential  co^cients  of  oT,  a*,  logaX,  sin  x,  cos  x, 
tan  X,  sec  x,  cot  x,  sec  x. 

To  find  the  differential  coefficients  of  the  inverse  trigonometrical 

functions,  e.^r.,  sin"**,  cos"**,  tan"**,  &c.,  and  to  find  ~  when 

s=/(y)  and  y=f\x),  with  examples. 

Expansion  in  senes  by  Taylor's  and  Maclaurin's  theorems  with 
ea^  examples. 

To  find  the  limiting  values  of  functions  which  assume  an  indeter- 
minate form  (easy  vanishing  ti*actions). 

To  determine  the  maxima  and  minima  values  of  functions  of  one 
independent  variable,  with  examples. 

Tangents  and  normals  to  plane  curves.  Subtangent  and  sub- 
normal. 

6.  Integral  Calculus. — ^Meaning  of  integration.    Elementary  integrals. 

Integration  of  more  simple  rational  firactions. 

SscoND  Staob,  or  Advanced  Coubsb. 

In  addition  to  the  propositions  in  the  elementary  course  given 
above,  the  candidate  will  De  required  to  know  the  more  advanced 
pftrts  of  the  same  subjects. 
1.  Ak^a. — Multinomial  theorem  for  nep^tive  and  fractional  exponents. 
Reversion  of  series.  Continued  firacfcious.  Reduction  of  a  ooadratic 
surd  to  a  continued  fraction.    Summation  of  series.  Theory  of 
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quadratic  surds.  Theory  of  numbers.  Prime  numbers.  Forms  of 
numbers.    Fermat's  theorem. 

2.  Trigonpmetry. — Demoivre's  theorem  with  negative  or  fractional  ex- 

ponents. The  exponential  expressions  for  the  sine,  cosine,  and  tan- 
gent of  an  anffle.    Series  hj  help  of  these  expressions. 

Solution  01  quadratic  and  cubic  equations  by  trigonometry. 
Sunmiation  of  series  of  sines,  cosines  of  angles  in  arithmetic 
progression,  and  of  other  series  dependent  on  these. 

3.  Spherical  Trigonometry. — Napier's  analogies  and  Gausse's  formulae, 

viz. : — 

Cos  i(A-f  B)  Cos  Jc=Cos  Ua+h)  Sin  J  C. 
Cos  4(A+B)  Sin  i(?=Sin  h{a+b)  Sin  4  C. 
Sin  4(A+B)  Cos  4c=Cos  i{a—b)  Cos  4  C. 
Sin  4(A+B)  Sin  4c=Sin  4(fl— *)  Cos  4  C. 

Solution  of  oblique-anffled  triangles  and  ambiguous  cases.  Spherical 
excess  in  terms  of  the  sides  of  a  tnangle,  &c.  Radii  of  circles  inscribed 
in  and  circumscribed  about  a  spherical  triangle. 

4.  Co-ordinate  Geometry, — Angles  between  straight  lines,  perpendiculars 

on  them,  and  length  of  perpendiculars  referred  to  oblique  axes. 
Polar  equation  to  a  straight  hne  which  passes  through  two  given 
points. 

Circle. — Chord  of  contact  of  tangents  to  a  circle  through  an  ex- 
ternal point.  Loous  of  intersection  of  tangents  drawn  at  extremities 
of  chords  which  pass  through  a  fixed  point  Circle  referred  to 
oblique  and  polar  co-ordinates. 

Parabola. — Chord  of  contact  and  nroblems  depending  on  it. 
Locus  of  intersection  of  tangent  with  the  perpendicular  on  it  from 
the  focus. 

Diameters ;  their  properties.  Equation  to  the  parabola  referred 
to  diameter  and  tangent  at  its  extremity  as  axes.  Tangents  at  the 
extremities  of  any  chord  of  a  parabola  meet  in  the  diameter  which 
bisects  that  chora. 

The  parabohi  referred  to  polar  co-ordinates.  Properties  connected 
with  tangents  drawn  at  the  extremities  of  a  focal  chord.  If  through 
any  points  within  or  without  a  parabola,  two  lines  be  drawn  parallel 
to  two  given  straight  lines  to  meet  the  curve,  the  rectangles  of 
the  segments  will  be  to  one  another  in  an  invariable  ratio. 

Ellipse. — Chords  of  contact.  Conjugate  diameters  and  their 
properties.  £<j[uation  to  ellipse  referred  to  conjugate  diameters  as 
axes.  Properties  connected  with  tangents  drawn  at  the  extremities 
of  a  focal  cnord. 

The  ellipse  referred  to  polar  co-ordinates.  If  through  any  point 
within  or  without  an  ellipse  two  lines  be  drawn  parallel  to  two  given 
straight  lines  to  meet  the  cun^'e,  the  rectangles  of  the  segment  will 
be  to  one  another  in  an  invariable  ratio. 

Hyperbola. — Corresponding  propositions  to  those  for  the  ellipse. 
Conjugate  hyperbola.  Asymptotes.  Equation  to  hyperbola  referred 
to  asymptotes  as  axes,  to  tangent,  &c. 

General  Equation  of  Second  Degree. — ^To  show  when  it  represents 
ellipse,  hyperbola,  parabola,  circle,  or  two  stndght  lines.  The 
equation  to  a  conic  section  referred  to  a  pair  of  tangents  as  axes. 

Sections  of  a  right  cone  made  by  a  plane  perpendicular  to  a  plane 
containing  its  axis, 

5.  Differential  Calculus. 

Successive  differentiations  of  simple  functions,  and  of  the  pro- 
duct of  two  functions  (Leibnits's  theorem),* with  examples.  Appli- 
cation of  Taylor's  and  Maclaurin's  theorems  to  more  complicated 
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Xsions.    DifPerentiation  of  functions  of  tiro  independent  vari- 
If  y  =  X  -H  «        to  expand  f(y)  according  to  ascending 
powers  of  X  (Lagrange's  theorem). 

Vanishing  firactions  (more  complicated).  Maxima  and  minima 
values  of  fynctions  of  two  independent  variables  with  examples. 
Differentiation  of  implicit  functions.  Elimination  of  constants  or 
functions  by  differentuition. 

Curves,  asymptotes,  tangents,  and  normals  referred  to  polar 
co-ordinates.  Polar  subtangent ;  asymptotes  referred  to  polar  co- 
ordinates. 

To  determine  whether  a  curve  is  concave  or  convex  with  respect 
to  a  given  line  :  to  find  points  of  inflexion.   Tracing  of  curves. 

To  find  the  di£Perential  coefficients  of  an  arc,  area,  volume,  and 
surface  of  revolution  (rectangular  and  polar  axes).  Contact,  circles 
of  curvature  and  evolute. 

6.  hiepral  Calculus. 

FormulsB  of  reduction.  Integration  between  limits.  Double 
mt^fration. 

Application  to  length  and  areas  of  curves  and  to  volumes  and 
surfaces  of  solids  of  revolution. 

Examination  fob  Honours. 

In  addition  to  the  above : — 

1 .  Algebra. — Convergency  and  div^ency  of  series  and  recurring  series. 

Indetemiinate  equations  of  a  higher  degree  than  the  first. 

Properties  of  numbers.  Wilson's  theorem.  To  find  the  number 
of  positive  integers  less  than  a  given  numJber  and  prime  to  it; 
number  of  divisors  of  a  given  number;  number  of  ways  into 
which  a  number  can  be  resolved  into  its  prime  factors  and  po^gonal 
numbers. 

2.  Tngomometry, — Construction  of  tables.     Formulae  of  verification. 

Proportional  parts  in  logarithmic  functions  of  angles. 

3.  Spherical  Trigonometry, — Regular  polyhedron,  parallelopiped,  and 
tetrahedron,  \vith  problems. 

4.  Co-ordinate  Geometry  and  Conic  Sections, — Problems  in  the  straight 

line  and  circle.  Radical  axis,  pole  and  polar.  Supplemental  chords 
to  ellipse  and  hyperbola.  Miscellaneous  propositions.  Similar 
curves.   Anharmonic  and  harmonic  pencils. 

5.  Differential  Calculus, — limits  and  failure  of  Taylor's  theorem ;  La- 

place's theorem. 

Second  differentiation  of  implicit  functions;  change  of  the 
independent  variable  (1)  when  there  is  one  independent  variable, 
(2)  when  there  are  two  independent  variables. 

Maxima  and  minima  values  of  functions  of  several  independent 
variables. 

Curves.  Singular  points.  Multiple  points.  Cusps,  &c.  En- 
velopes. 

6.  Integral  Calculus. — Elliptic  functions. 

In  preparing  for  examination  in  the  courses  described  in  the  above 
SvUabus  the  student  may  use  any  standard  works,  and  the  following  by 
"Mr.  Todhunter  will  be  found  especially  useful : — 

Algebra  for  Colleges  and  Schools,  8vo.,  7s.  6c?. 

(London,  MacmOlan,  4th  ed.,  1866.) 
Come  Sections,  Svo.,  7s.  6d.  (London,  Macmillan,  drd  ed.,  1862.) 
Plane  Trigonometry,  Bvo.,  6s.     (London,  Macmillan,  2nd  ed.,  1861.) 
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Spherical  Trigonometry,  8vo.,  4s.  6d.  ,   ,   ,  ^« 

(London,  MaemiUan,  2nd  ecL,  1863.) 

Treatise  on  the  Differential  Calculus,  8vo.,  lO*.  6d. 

(London,  Macmillan,  4tli  ed.,  1865.) 

On  the  Integral  Calculus  and  its  Application,  8to.,  lOs.  6d. 

(London,  Macmillan,  2nd  ed.,  1857.) 


SUBJECT  VL— THEORETICAL  MECHANICS. 

First  Staok  or  Elementary  Course. 

The  student  who  takes  up  this  course  is  expected  to  f(ive  clear  and 
fuU  statements  of  the  principles  of  the  science,  and  to  show  that  he 
understands  them  hy  answering  easy  questions  on  their  applications. 
These  questions  will  not  demand  lor  their  solution  a  knowledge  of 
mathematics  heyond  the  elements  of  algehra,  mensuration,  and  geo- 
metrical constructions  hj  scales  and  compasses.  The  formal  proof  of 
theorems  will  not  he  required  except  in  the  cases  specified  helow 

A.  — Statics, 

(1.)  The  composition  and  resolution  of  forces  and  the  conditions  of  their 
equilibrium,  yiz.,  the  parallelogram,  triangle,  and  polygon  of 
forces.  Parallel  forces.  Equivalence  of  two  couples.  Cfomposi- 
tion  of  a  couple  and  a  force.   The  principle  of  moments. 

(2.)  Physical  properties  of  solids ;  hardness,  elasticity,  tenacity. 

(3.)  Centre  of  gravity.  Its  position  in  the  case  of  a  straight  line,  paral- 
lelogram, circle,  triangle,  sphere,  pyramid,  and  cone,  of  uniform 
density ;  and  in  the  case  of  several  heavy  points. 

(4.)  Reaction  of  a  fixed  point  or  fulcrum.  Equilibrium  of  a  body 
capable  of  turning  round  a  fixed  point ;  levers ;  the  balance,  and 
its  sensibility ;  the  steel-yard. 

(5.)  Transmission  of  force  through  a  rigid  body  and  through  a  perfectly 
flexible  thread.  The  single  pulley.  Simpler  combinations  m 
pulleys. 

(6.)  Reaction  of  smooth  and  rough  surfiAces ;  the  limiting  angle  of  re- 
sistance, or  angle  of  repose ;  the  coefficient  of  friction ;  the  laws 
of  friction. 

(7.)  Conditions  of  equilibrium  of  a  body  resting  under  the  action  of 
forces  on  a  plane  whether  smooth  or  rough,  horizontal  or  in- 
clined; equilibrium  of  a  wall  sustaining  an  oblique  thrust; 
buttresses. 

(8.)  Stable  and  unstable  equilibrium. 

(9.)  Unit  of  work,  and  horse  power;  simple  questions  as  to  tlie  working 
power  of  agents ;  the  modulus  of  a  machine. 

B,  ^Dynamics, 

(1.)  Measure  of  time>  distance  and  velocity— uniform  or  variable.  X^e 
accelerative  effect  of  a  constant  force,  and  particularly  that  ci 
gravity.  Relations  between  space,  velocity  and  time  in  the  case 
of  the  rectilinear  motion  of  bodies  whose  velocities  are  uniformly 
accelerated.    Composition  of  velocities. 

(2.)  Definitions  of  mass,  momentum,  moving  force  and  of  vis  viva, 
energy  or  accumulated  work.  The  laws  of  motion.  The  abso- 
lute unit  of  force. 
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(3.)  Rflctilmear  motion  of  a  body  under  the  action  of  given  foroes; 

Atwood's  machine ;  motion  on  an  inclined  phtne,  and  in  a  circle ; 

oentnfiigal  force ;  time  of  small  oscillation  of  a  simple  pendulum* 

Centre  of  oscillation  of  an  oscillating  body. 
(4.)  Impnlsive  forces ;  velocity  after  direct  impact  of  spheres ;  trans- 

fonnation  (or  loss)  of  accumulated  work  in  collision. 

C. — Hydrostatics  and  Pnetmatics. 

(1.)  Law  of  transmission  of  pressure  through  a  fluid ;  pressure  of  a  fluid 
aguBst  a  plane  area ;  the  centre  of  pressure ;  equilibrium  of  a 
reservoir  wall. 

(2.)  Pressure  of  a  fluid  on  a  body  wholly  or  partly  immersed.  Specific 
gnvi^  of  a  solid  or  liquid ;  and  the  sunpler  eases  of  its  deteiv 
mination.  Conditions  of  equilibrium  of  a  floating  body.  The 
metaeentre.   Conditions  of  stability  of  a  floating  body. 

(3.)  Experiments  which  show  that  air  is  an  ehistic  fluid ;  the  Magdeburg 
hemispheres ;  the  cistern  barometer ;  Boyle's  experiment.  Rela- 
tion between  pressure,  temperature,  and  volume  of  a  gas. 

(4.)  Well  known  machines  and  the  principles  of  their  construction ;  the 
hydraulic  press;  the  specific  gravity  balance;  the  hvdrometer; 
Nicholson's  hydrometer ;  the  specific  gravi^  botlde ;  the  ordinary 
Boetion  and  forcing  pumps ;  the  syphon ;  tne  air  pump. 

The  stadent  should  be  able,  if  required,  to  prove : — 

(o.)  The  rule  for  determining  the  magnitude  of  the  resultant  of  two 
intersecting  forces,  assuming  the  rule  for  its  direction. 

(6.)  The  rule  for  determining  the  resultant  of  two  parallel  forces. 

(c.)  That  the  sum  of  the  moments  of  two  intersecting  forces  with  refer- 
ence to  any  point  in  their  plane,  equals  the  moment  of  their 
resultant  with  respect  to  the  same  point. 

id,)  That  two  couples  acting  in  the  same  plane  will  be  in  equilibrium  if 
their  moments  are  equal  and  of  contrary  signs. 

(e.)  The  rule  for  finding  the  centre  of  gravity  of  a  triangle. 

(/•J  The  formulae  for  uniformly  acclerated  rectilinear  motion,  ^iz. : — 
©  =  V-f/f.      s^zyt-hhftK      ©»  =  V2  +  2/*. 

(^•)  The  formula  for  the  vis  viva  of,  or  work  accumulated  in  a  moving 
body,  viz.,  i  iw*  or  -g— . 

(^)  That  the  pressure  of  a  fluid  on  a  body  wholly  or  partly  immersed 
equals  the  weight  of  the  fluid  displaced,  and  acts  vertically 
upward  througli  the  centre  of  gravity  of  the  immersed  part  of  the 
body  supposeu  of  uniform  density. 

Second  Stags  or  Advanced  Course. 

^  The  stadent  who  takes  up  the  second  or  advanced  course  is  expected 
to  be  able  to  prove  the  fundamental  theorems  of  mechanics,  so  far  as 
the  subject  is  included  in  the  elementary  course,  and  to  work  somewhat 
harder  examples ;  thus : — In  the  elementary  examination  he  might  be 
asked  to  explain  what  is  meant  by    centrifugal  force,"  and  to  work  an 

wit?' 

easy  example  on  the  formula  F  =  — ;  in  the  advanced  examination  he 

might  be  asked  to  prove  this  formula  aa  well  as  to  work  a  somewhat 
hanler  example.  He  is  also  expected  to  pursue  the  subject  into  some 
of  its  leading  developments. 
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(1.)  Proof  and  applications  of  tbe  equations  of  equilibrium  of  force 
acting  in  one  plane. 

(2.)  Conditions  of  equiHhrium  of  simple  machines  when  the  friction  of 
the  parts  is  taken  into  account.  Inclined  plane,  wedge,  screw, 
pulleys,  bodies  capable  of  turning  round  an  axle  of  finite  radius. 

(3.)  The  principle  of  virtual  velocities  and  its  application  to  machines 
in  a  state  of  uniform  motion.  Dynamometers. 

(4.)  Motion  on  rough  inclined  and  horizontal  planes.  Motion  of  pro- 
jectiles. 

(5.)  Moment  of  inertia.-  Effective  forces.  D'Alembert's  principle. 
Resultant  of  effective  forces  and  work  accumulated  in  the  case  of 
a  bodv  turning  round  a  fixed  line.   The  fly  wheel.   The  comr 

ipoimd  pendulum. 
6.)  Oblique  impact.    Centre  of  percussion.   The  ballistic  pendulum. 
7.)  Calculation  of  heights  by  barometer.   The  aneroid  barometer. 

id.)  Motion  of  fluids  through  orifices,  pipes,  and  open  channels. 
9.)  Capillary  attraction. 


The  following  books  are  recommended  for  study  ;  but  it  will,  of 
course,  be  understood  that  all  are  not  needed  by  any  one  student. 
Ekmentary  Treatise  on  Mechanics,  by  Wm.  Whewell,  8vo.,  9*. 

(London,  Whittaker,  1847.) 
Mechanics  for  Beginners,  by  I.  Todhunter,  l8mo.,  4s.  6d. 

(London,  Macmillan,  IS67.) 
Elementary  Introduction  to  Practical  Mechanics,  by  J.  F.  Twisden, 
8vo.,  lOs.  6d.  (London,  Longman,  1867.) 

Manual  of  Hydrostatics,  by  J.  A.  Galbraith  and  S.  Haughton,  12mo., 
2s,  (London,  Longman.) 

Elementary  Hydrostatics,hj  W.  H.  Besant,  12mo.,  4s, 

(London,  Bell  and  Daldy,  1867.) 
Elementary  Course  of  Mathematics,  by  Harvey  Goodwin,  Svo',  ISs. 

(London,  Bell  and  Daldy,  6th  ed.,  1866.) 
Jn  Introduction  to  the  study  of  Natural  Philosophy,  by  C.  Brooke, 
12mo.,  \2s,  Cd,  (London,  Churchill,  6th  ed.,  1867.) 

Ganot's  Experimental  and  Applied  Physics^  translated  br  E.  Atkinson, 
8vo.,  \5s.  (London,  Longman,  2nd  ed.,  1867.) 


Examination  for  Honours. 

The  details  of  the  course  for  this  examination  need  not  be  specified, 
but  it  must.be  understood  that  the  student  should  be  prepared  to  answer 
ouestions  on  every  branch  of  the  subject  as  usually  taught  in  the  higher 
ebMses  in  colleges.  In  addition  to  the  careftil  study  of  the  usual  text- 
books, such  asTodhunter's  Analytical  Statics,  Routh's  or  Griffin's  Rigid 
Dynamics,  Besant's  or  Miller's  Hydrostatics,  the  student  will  find  it  veiy 
useful  to  study  some  work  in  which  the  subject  is  treated  from  a  some- 
what less  exclusively  mathematical  point  of  view,  such  as  the  first  19 
chapters  of  Jamin's  Cours  de  Physique,  Morin's  Notions  fondamentalcs  de 
M€canimie,  the  first  division  of  Thomson  and  Tait's  Natural  Philo^ 
sophy,  &c.  The  applications  of  abstract  medianics  to  questions  of 
construction,  &c.  can  be  studied  in  Moseley's  Mechanical  Principles  of 
Engineering  and  Architecture,  and  in  Rankine's  Applied  Mechanics.  It 
must  be  borne  in  mind  that  the  study  of  the  higher  branches  of 
mechanics  can  only  be  attempted  with  profit  when  it  is  preceded  by  a 
thorough  knowledge  of  the  elements ;  of  so  mudi,  for  instance,  as  is 
comprised  in  the  firat  and  second  courses.  • 
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Fkrticiilan  of  the  text-books  xequiied  for  this  ooune  are  given  below. 
AMhftical  Statics  with  numerous  examples,  by  I.  Todhunter,  8vo., 
lOf.  &(L  (London,  Macmillan,  3rd  ed.,  1866.) 

Dffnamies  of  a  System  of  Rigid  Bodies,  by  E.  J.  Routb,  8vo.,  10*.  6d, 

(London,  Macmillan,  I860.} 
Treatise  on  the  Motion  of  a  Rigid  Body,  by  W.  N.  Griffin,  8vo.,  6«.6</. 

(London,  Parker  and  Son,  1847.) 
Treatise  on  Hydro  Mechanics,  by  W.  H.  Besant,  8vo.,  10*.  6rf. 

(London,  Bell  and  Daldv,  2nd  ed.,  1868.) 
Elements  of  Hydrostatics  and  Hydrodynamics,  by  W.  H.  Miller,  8vo., 
6*.  (Cambridge,  Deigbton,  4th  ed.,  1850.) 

Mechafdcat  Principles  of  Engineering  and  Architecture,  by  H.  Moseley, 
8yo.,  24*.  (London,  Longman,  1855.) 

Mamuil  ofAppKed  Mechanics,  by  W.  J.  M.  Rankine,  12*.  6d, 

(London,  Griffin,  4tb  ed.,  1868.) 
Camrs  de  Physique  de  PEeole  Polytechnique,  par  J.  Jamin,  3  voU., 
870.,  1/.  Ss.  6d.  (Paris,  Mallet-BacheHer,  2nd  ed.,  1866-68.) 

LecoM  de  M^cani^  pratique,  Notions  fondamentales  de  M^caniqus  et 
doming  d*exp&ience,  par  A.  Morin^  5  plates,  8vo.,  6*.  6</. 

(Paris,  Hacbette,  3rd  ed.,  1860.) 


SUBJECT  VII.— MECHANICS  AS  AN  ART,  OR  APPLIED 
MECHANICS. 

The  sabject  of  applied  mechanics  is  considered  as  embracing  generally 
the  art  of  fashioning  materials  into  various  definite  forms,  and  of  ar- 
nmging  these  definite  forms  under  such  combinations  that  on  the  appli- 
cation of  force  a  certain  and  invariable  result  will  be  obtained,  induding 
ibo  the  adaptation  of  forms  and  materials  so  that  they  afford  Uie 
mssinram  resistance  with  the  minimum  of  quantity. 

This  syllabus  is  amnged  for  three  classes  of  candidates ;  the  first  is 
ekmentuy  in  its  charocter,  and  may  be  considered  as  a  stepping-stone 
toiheieoond  ofg  more  advanced  elass ;  it  is  intended  for  the  guidance 
of  the  first  or  elementary  dnss  of  candidates,  who  will  be  expected  to 
have  a  fiur  knowledge  of  most  of  the  branches  enumerated,  and  to  be 
ahle  to  give  a  ""precise  and  satisfactory  answer  on  any  of  them,  or  to 
make  dear,  well-drawn  hand  sketches  whoe  such  may  be  necessary  for 
ex^aurtioii. 

The  Kcond  part  is  intended  for  those  in  the  more  advanced  class,  who 
wiU  he  expected  to  have  a  thorough  knowledge  of  all  the  subjects  r^ 
fened  to  in  the  syllabus  for  tiie  elementary  class,  and,  in  adc&tion,  to 
have  a  fur  understanding  of  the  applieation  of  the  principles  in  actual 
pnetioe. 

Thefhird  part  is  intended  for  candidates  coming  forward  for  *^  Honours 
cx>nuostion,"  who  will  be  expected  to  have  a  complete  knowledge  of 
^.qpettions  referred  to  in  the  two  former  parts  of  the  svllabus,  and,  in 
addition,  to  have  some  aoquaintanoe  with  the  higher  theoretical  prin- 
dples  thit  are  required  for  the  dose  investigation  of  the  foregoing  or 
piictical  part  (tf  the  sulject. 

As  the  chief  object  of  these  examinations  is  to  foster  the  education  of 
young  men  for  tiu  practical  duties  of  life  in  connexion  with  the  engi- 
neenng  ui([  nianufusturing  industries  of  the  kingdom,  it  is  inte 
thst  the  examination  in  ^>plied  medianics  riiall  be  in  accordance  ther&» 
^  BO  £tf  as  may  be  practicable. 
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First  Stagb  or  Elementary  Course. 

Candidates  in  the  first  stage  will  require  to  know  the  more  pro- 
minent properties  of  materials  used  m  the  mechanical  arts;  the 
different  natures  of  wood  that  are  in  common  use;  the  leading  chaiac- 
tetistica  of  cast  iron,  wrought  iron,  and  steel ;  copper,  tin,  and  sine ; 
brass,  gun  metal,  muntz  metal,  and  other  sixnilar  compounds  used  in 
machinery ;  leather,  gutta-percha,  and  vulpanized  india-rubber,  as  em- 
ployed for  mill  bands  or  pump  purposes. 

The  general  principles  on  wi  uch  various  materials  are  made  into  form, 
by  casting,  forging,  compressing,  drawing,  cutting,  &c. ;  the  pjiirposes 
for  which  different  materials  are  commonly  employed  and  tlie  reasons 
which  determine  their  selection ;  the  modes  of  uniting  and  combimag  the 
several  parts  of  structures  by  screw  bolt^,  rivets,  keys,  ootters,  wedges, 
soldering,  &c. 

The  general  prindples  of  mechanical  work ;  units  of  work  as  distin- 
guished from  other  units ;  unit  of  a  horse  power ;  the  calculation  of 
mechamcal  work ;  work  of  living  agents,  wind,  water  and  steam,  neg- 
lecting £ricti6n  or  other  conditions. 

The  principle  and  construction  of  simple  machines  by  the  combina- 
tion of  several  parts ;  levers,  pulleys,  wheel  and  axle,  inclined  planes, 
the  wedge,  screws.  Likewise  tne  more  complex  machines  that  are  in 
common  and  extensive  use ;  cranes  that  are  worked  by  hand ;  the  work- 
ing headstock  of  a  common  turning  lathe;  the  cornmiU;  the  time 
movement  of  an  ordinaiy  clock,  &c. 

The  more  common  methods  of  transmitting  motion  by  simple  de- 
mentaiy  parts  or  apparatus  in  extensive  use ;  toothed  wheels  considered 
as  spur,  bevil,  mitre,  worm,  mangle,  and  eccentric ;  friction  wheels,  re- 
volving shafts,  couplings,  bearings,  drums,  mill  bands,  fkst  and  loose 
pullm,  conical  pulleys  for  altering  the  rate  of  motion,  clutches  (forked 
trnd  motional) ;  eoeentric  motion,  camb  motion,  crank  motion,  reversing 
motion,  intermittent  motions ;  the  pendulum,  nature  of  a  govemov, 
cylinder  and  piston,  slide  valve,  stuffing  box,  gland,  fly  whed,  sa&fy 
valve,  and  other  similar  detuls.  ; 

Expenditure  of  work  through  the  agency  of  machines ;  effect  of  re- 
ducing or  increasing  velocity ;  loss  arising  from  friction.  Cfdoul&ting 
the  power  of  simple  machines,  cranes,  puUe^  screws,  and  tiieir  rdiative 
conoitions  in  regard  to  friction ;  their  applicability  for  different  nu]^K>9es. 

Geilml  propOTties  of  fluid  psessure,  water  pressure  in  tanks  and  on  flood 
gates  I  weight  of  water ;  water  power ;  power  required  to  raise  water ;  tiie 
prineiple  of  water/orcing  pumps  andiheBramah  press ;  hydraulic  pressure, 
accumulator,  pressure  gau|re,  air  pressure,  weight  of  air,  elaatifistgr  of  {tti^ 
air  pump,  barometer,  aneroid>  vacuum,  vacuum  gau^e,  s^jbon^  aiHldrnn^ 
-bdT;  action  of  the  common  honsdhold  pump ;  condensation  of  air ;  the  air 
gun  J  the  balloon  prineiple ;  effeet  of  air  pressure  as  regards  sensible  tempe- 
rature, and  contrary  e»Bot  when  liberated ;  Smith's  allows  prinmplej  tmd 
action  of  a  blowin|f  fan ;  principle  on  which  chimneys  produce  a  citmnt 
of  ttir ;  the  blast  pipe  of  locomotives  ^  quantity  of  air  required  tef  produoe 
theperfect  combustion  of  ftiel. 

Three  conditions^  of  ice,  water,  and- steam;  sensible  and  latent  heafe; 
the  several  properties  of  steam  taken  advantage  of  in  steam,  mgineft; 
action  of  steam  in  (^linder  of  steam  engine;  expansion  of  bodus  Iqr 
heat;  the  thermometer;  heat  conducting  power  of  bodies;  the  adiraii- 
tage  of  covering  steam  pipes  and  qylindezs  with  islt  and  othior  snb- 
stances ;  principle  of  heating  buildings  by  steam  |  water  heating  appa- 
ratus ;  difference  between  the  evaporation  of  salt  and  fireih  water. 

Manufacturing  as  compared  with  making ;  principle  of  produetion  by 
taking  the  pattern  or  figure  from  a  copy ;  printing,  coining,  tumiiig,  wd 
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pltning ;  smithB'  swages,  and  fotinders'  patterns ;  conditions  of  a  straight 
edge  and  of  a  trae  aorfim ;  the  true  spmdle  of  a  lathe ;  principles  of  an 
butrnment  for  cutting,  its  penetration  and  strength.  The  action  of  the 
jraneh,  file,  saw,  and  grinding  stone.  The  effect  produced  hj  plunging 
red  hot  steel  into  cold  water ;  nature  of  tempering  steel. 

Strength  of  oast  iron>  wrought  iron,  and  steel  in  regard  to  tenacity 
and  oompressibiltj.  Strength  of  a  simple  wooden  beam  under  difTerent 
eonditioiis  of  support ;  supported  at  the  ends  and  loaded  in  the  middle ; 
uniformlf  loaded.  Nature  of  a  neutral  axis  in  beams ;  strength  of  beam 
as  affected  by  length,  depth,  and  thickness.  Advantf^i^e  of  making  oast- 
iion  piDan  hcdlow.  Relative  strength  of  chains  to  diameter  of  iron  out 
of  whieh  they  are  made. 

Second  Staob  or  Aovancbd  Course. 

Candidates  in  the  second  stage  require  a  general  knowledge  of  the 
difierent  kinds  of  timber  used  in  the  arts,  including  strength  and  spedal 
properties ;  the  several  metals  employed  in  engineering,  their  nature, 
preparation,  and  special  properties,  including  tenacity,  compressibility, 
haidness,  brittleness,  ^density,  malleability,  ductility,  elasticity,  weight, 
spedfic  Wright,  &c. 

General  prindples  of  the  art  of  founding ;  construction  of  patterns 
essential  conditions  of  a  mould  for  the  reception  of  liquid  metal,  &o. 
Chilkd  castings  and  malleable  castings.  Principles  of  smithing  or  forg- 
ing; nature  of  welding;  production  of  form  by  welding,  upsetting, 
drawbg  down,  punching,  and  bending.  Steel  management ;  temper  of 
steel  for  different  purposes ;  effect  of  cooling  in  oil,  and  case  hardening. 
Frinriple  of  rolling  iron,  wire  drawing,  bolt  and  rivet  making.  Shearing 
machines,  steam  hammers,  and  drop  hammers ;  principle  of  the  bolt  and 
nut.  Bivetting  by  hand  and  by  machinery.  Nature  of  soldering ;  the 
essential  principles  involved. 

Machines  considered  as  agents  for  changing  power  from  the  unsuit^ 
able  to  the  required  condition,  not  creating  power.  Nature  of  friction ; 
reduction  of  mction  by  lubricants ;  coefficients  of  friction  of  different 
materials  and  surfaces ;  laws  of  friction  ;  friction  as  affected  by  the  mode 
of  transmitting  power  through  machines ;  a  given  quantity  of  power 
expended  under  any  conditions  of  velocity.  •  * 

liever  prmdple  applied  in  the  arts ;  beams  of  steam  engines ;  beams 
Tviousiy  arranged  as  regards  fulcrum.  Cranes,  crabs,  or  other  machinea 
for  lifting  where  power  is  accumulated  by  toothed  wheel  gearing.  The 
firietion  of  cranes ;  arrangements  to  avoid  friction ;  friction  of  block  and 
tukle,  ropes,  and  chains. 

Indined  plane  in  the  arts;  friction  of  the  inclined  plane,  as  in  the 
key  for  fixing  parts  of  machinery ;  friction  a  virtue.  Power  required  to 
draw  materials  up  inclined  planes.  The  screw  as  a  fixing  agent,  and  as 
an  instmmfent  for  compressing,  adjusting,  dividing,  and  manipulating. 

Reg^^arity  of  motion  necessary ;  power  irregular,  work  done  irregtihr. 
Use  of  the  fly  wheel;  its  power  as  d^nding  on  weight  and  velocity; 
effidencj  depending  on  position ;  the  fly  wheel  as  an  agent  fbr  storing 
power,  as  in  the  rolling  mill  and  punching  machine ;  fly  wheel  not  in- 
masing  power.  Steam  hammers ;  springs  considered  as  accumulators 
of  power;  means  for  setting  machinery  in  motion  gradually.  Steam, 
water,  fiist  and  loose  pulley ;  ^Sciency  of  friction  clutches  depending  o^ 
an  aocumolation  of  small  efforts ;  lowering  goods  with  friction  breaks 
on  cranes,  &c.  Machinery  which  is  regular  in  regard  to  time  5  theory 
of  the  pendulum  and  the  governor ;  peculiar  construction  of  water-wheel 
governors ;  comparison  of  the  governor  with  the  pendulum. 
'  Machinery  considered  in  relation  to  its  three  essential  parts  of  the 
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receiving  power,  the  so-called  prime  mover^  the  .  intermediate  mechanism 
for  conveying  and  modifying,  the  part  which  performs  the  required 
operation.  The  term  work  "  as  expressing  appued  power,  pressiue,  or 
distance.  Mode  of  calculating  the  power  of  different  kinds  of  machinery. 
Use  of  dynamometers,  indicators,  &c. 

Machinery  construction  ;  strength  with  lightness ;  correct  fitting  of 
moving  parts ;  principles  that  govern  the  formation  of  teeth  of  wheels. 
Advantage  of  wood  and  metal  working  together ;  velocity  as  depending 
on  relative  diameters ;  advantages  derived  trom  high  velocities ;  construc- 
tion of  modem  shafting  and  gearing  generaUy,  including  all  details.  Best 
materials  for  bearings,  both  hard  and  soft ;  proportion  of  length  to 
diameter ;  anti-irictional  arrangements ;  broad  surface  advantages,  &c« 

Conveying  work  or  power,  by  shafting  or  by  endless  bands ;  uirough  a 
tube  in  the  condition  of  compressed  air,  by  water  or  steam ;  convenience 
in  each  case  determining  selection ;  respective  advantages  of  the  several 
methods.  The  leather  oand  as  an  agent;  its  coefficient  of  friction,  ad- 
hesion, adaptability  for  changing  velocity,  and  efficiency  as  depending  on 
velocity ;  various  adaptations  to  convey  power  in  different  directions. 

The  advanced  candidate  should  have  preoise  knowledge  of  the  dif- 
ferent elementaiY  mechanical  contrivances  for  modifying  motion.  From 
fast  to  slow  by  tne  worm  wheel,  and  b^  double  and  single  and  frictioDal 
ratchets.  For  changing  from  rotary  mto  rectilinear  or  the  reverse,  by 
rack  and  pinion ;  hj  the  crank  motion  as  in  steam  engines,  and  thie 
opposite,  as  in  slotting  madunes;  by  an  endless  gxoove  on  ^linder; 
by  screw  with  reversing  motion.  The  mangle  wheel  principle,  and  three 
bevil  wheel  arrangement;  open  and  crossed  bands,  with  two  fast  and 
two  loose  pulleys.  Ck)ntrivances  for  giving  variable  motion,  such  as  the 
leather  wheel  on  disc  surface,  the  various  forms  of  oamb  by  which  any 
motion  may  be  obtained,  &c. 

Machineiy  construction  considered  with  reference  to  form,  proportion 
of  parts,  and  strength  of  parts  as  determined  by  necessity ;  use  of  cast 
iron,  limited  by  want  of  uniformity  in  cooling,  of  wrought  iron  by  diffi- 
culty of  fashioning  into  intricate  form,  and  of  bronze  by  cost ;  streng^ 
of  revolving  parts  inversely  as  motion.  The  lever  principle ;  advantaR« 
of  fixing  parts  at  both  ends  applied  to  pillars ;  risk  of  fracture  reduced ; 
advantages  derived  from  hollow  framing;  stiffenin|(  by  ribs ;  compara* 
tive  cost  of  both  systems.  Form  of  parts  as  determmea  by  tlie  tenacily 
and  compmsibilily  of  the  materials,  applied  to  beams ;  m  machinery 
varied  by  other  conditions  causing  inconsistencies  of  proportion ;  great 
advantage  of  rigid  framing. 

Strength  of  hollow  cylinders  not  in  proportion  to  mass ;  cylinder  of 
hydrauUo  press,  gun,  &c. ;  each  layer  of  lamina  under  tension  affotda 
greatest  stoength,  the  practical  difficulties;  system  of  building  up 
cylinders  by  successive  hoops,  put  on  by  pressure  or  by  shrinking,  eacn 
layer  being  under  different  tension. 

'The  leading  fundamental  principles  of  pneumatics,  with  practical  ap- 
plications ;  apparatus  for  producing  a  current  of  air;  blowing  engines, 
and  blowing  apparatus  generally ;  the  fan  principle,  both  in  blowing 
and  exhausting,  with  applications ;  mechaniatl  ventilation  of  mines  and 
liuildings,  as  for  example  in  cotton  mills,  and  in  the  grinding  prooesses. 

Atmospheric  elasticity  and  its  applications  in  the  post  office  atmos* 
pheric  tune,  flour  mills,  mines,  atmospheric  railways,  eng[ines  working 
by  compressed  air ;  air  vessels^in  pumpmg  apparatus ;  cartridge,  seamless 
bag,  and  envelope  machine ;  button  making ;  coal  hewing ;  rock  boring ; 
dessicating  timber. 

The  laws  of  hydrostatics  and  hydraulics,  and  their  applications  in 
the  arcs;  ancient  methods  of  raising  water,  modem  steam  pumping 
machinery;  lifting«  forcing,  plunging,  bucket^  horisontal,  vertical, oeatn* 
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fu|^,  screw,  scoop,  wheel,  and  other  pumps ;  water  supply  to  towns ; 
aewmf^  pumping  machinery;  the  syphon  on  a  large  scale;  Middle 
licrd  ^nage ;  Montgolfier  water  ram.  Difference  of  friction  with 
krge  or  small  pipes ;  flow  of  water  through  pipes ;  friction  of  mains ; 
flow  as  affected  by  rust;  high-pressure  water  machinery ;  provision  for 
non-elasticitT ;  working  from  high  reservoir ;  water-pressure  engines ; 
cfaancter  of  pumps ;  l)oiler  proving ;  application  to  hydraulic  press, 
cranes,  lifts,  dock  gates,  capstan  and  bridges;  rocket  manufacture; 
water  engines,  &c. 

Water  as  a  moiave  power;  water  wheels  and  water  engineering; 
making  the  most  of  fsll ;  construction  of  dam,  sluices,  and  canal ;  situation 
f«r  factory ;  Fairbaim's  water  wheels,  mode  of  transmitting  the  power ; 
redaction  of  friction;  modes  of  ascertaining  the  quantity  of  water 
available.  Water  power,  nominal  and  actual ;  water  acting  by  impulse 
and  by  weight ;  conditions  determining  greatest  effect ;  manipulation 
of  sluice  by  governor ;  water  wheels  coupled  to  steam  engines,  necessary 
provision ;  treatment  of  tidal  water. 

Gravitation  water-pressure  engines ;  various  systems  of  construction  of 
tuAincs  and  leading  conditions  to  give  best  result ;  inherent  defects, 
for  high  falls  and  for  low  ftlls ;  comparison  with  water  wheels ;  usei^l 
eiect,  first  cost,  convenience  and  expense  for  repair;  working  in  tail 
water;  ad\-aiitage  from  high  velocity;  equilibriimi. 

Engines  deriving  their  power  from  heat,  steam,  hot  air,  and  gas ;  the 
source  of  heat;  the  equivalent  of  work  in  heat;  loss  of  heat  by  pjcesent 
aiTangements ;  the  heat  contained  in  fuel.  Steam  boilers,  in  stationary, 
marine,  and  locomotive  engines ;  materials  for  construction ;  strength  of 
boilers  for  internal  pressure ;  external  pressure  of  elliptical  or  fiat  sur- 
faces ;  boiler  feeding  by  pumps  and  i injectors ;  prevention  of  incrusta- 
tion; explosion  of  Douers;  general  economy  and  management.  Sta- 
tionary, marine,  locomotive,  condensing,  non-condensing,  and  working 
expanmvdy  steaon  engines  ;  leading  conditions  that  determine  waste  ana 
economy ;  the  princijne  of  valves,  slide,  equilibrium^  &c. ;  steam  hammer 
construction. 

Machine  tools  for  wood :  the  principle  of  copyixig  as  developed  in 
sawing,  planing,  morticing,  tenoning,  drilling,  shaping,  carving,  and 
moulding  gunstocks,  &c.  Machine  tools  for  metal;  combining  the 
seif-aeting  principle  with  that  of  the  sliding  rest ;  shape  or  form  derived 
by  transfer  from  a  copv  contained  in  the  apparatus;  the  dead  centre 
principle;  modem  latnes;  machines  for  planing,  slotting,  drifting, 
shaping,  screwing,  wheel  cutting,  rifling,  and  drilling;  advantage  derived 
from  introduction  of  true  surface,  and  correct  measurement  of  parts; 
measuring  machine ;  principles  which  determine  the  proper  speed  for 
catting  wood  and  metal ;  machines  that  act  more  by  force  than  by 
catting,  as  the  shearing  and  punching  machines ;  the  principle  of  circu- 
lar shears,  &c.,  various  forms  of  screwing  apparatus ;  advantage  derived 
from  uniform  sjrstem  of  screws. 

General  machinery  :  hand,  steam,  travelling,  and  portable  cranes ;  der- 
rick and  sheer  legs.  Paper  manufacture,  printing,  and  coining.  TextUe 
manufactures ;  carding,  spinning,  weaving,  and  sewing.  Measuring. 
Tomtables  and  weighing  machines.  Agpncultural  machinery  and  en- 
gines ;  steam  plough ;  reaping  and  thrashing  machines ;  modern  grinding 
mills ;  traction  engines. 

Adaptation  of  farm  and  material  for  maximum  resistance;  cast  iron 
and  wrought  iron  beams ;  tubular  girders ;  construction  of  roofs,  timber 
bridges;  suspension  bridges;  iron  pillars.  Construction  of  tanks, 
strength  of  cast-iron  pipes ;  hydraulic  press  cylinders ;  relation  of 
ultimate  strength  of  materials  to  limit  of  elasticity  and  safe  working 
load. 
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Examination  for  Honours. 

The  foregoing  syllabus  will  suffidentlj  indicate  the  nature  of  subjects 
that  will  form  the  basis  for  the  Examination  in  Honours  in  Applied 
Mechanics.  It  will  be  expected  howeveri  that  the  candidate  m  ad- 
dition to  being  able  to  give  an  intelligent  answer  to  the  various 
questions,  and  to  make  hand  sketches  of  such  parts  as  may  be  required, 
snail  be  thoroughly  grounded  in  the  laws  of  nature,  so  far  as  tbey 
relate  to  the  philosophical  and  mathematical  principles  on  which  the 
various  branches  of  applied  mechanics  are  founded,  and  tiie  candidate 
should  not  only  be  familiar  with  the  formulae,  but  should  be  able  to 
refer  back  to  the  data  from  which  they  are  derived. 

The  following  are  recommended  as  text  books : — 

The  Elements  of  Mechanism,  by  Thomas  Baker,  8vo.,  2s,  6d, 

(London,  Weale,  3rd  ed.,  1867.) 
Elementary  Introduction  to  Practical  Mechanics,  by  J.  F.  Twisden^ 
8vo.,  105.  6rf.  (London,  Longman,  1867.) 

The  Elemmts  of  Mechanism,  by  T.  M.  Goodeve,  8vo.,  6s.  6rf. 

(London,  Longman,  2nd  ed.,  1865.) 
Railway  Locomotives,  by  D.  K.  Clark,  2  vols.,  4to.,  70s. 

(Glasgow,  Blackie,  1860.) 
Treatise  on  the  Steam  Engine,  by  J.  Bourne,  4to.,  42s. 

(London,  Longman,  5th  ed.,  1861.) 
RaUway  Practice,  with  Plans  and  Details,  by  8.  C.  Breeze,  4  vols., 
4to.,  each  52s.  6d.  (London,  Atchl^,  1848.) 

Camus'  Treatise  on  the  Teeth  of  Wheels,  by  Hawkins,  8vo.,  5;. 

(London,  Spon,  3rd  ed.,  1868.) 
Elementary  Principles  of  Carpentry,  by  Thos.  Tredgold,  edited  by 
Barlow,  with  53  engravings,  4to.,  21,  2s. 

(London,  Lookwood,  1868.) 
Inquiry  and  Experiments  on  the  Tensile  Strength  of  Wrought  Iron  and 
Steel,  by  D.Kirkaldy,  8vo.,  18s. 

(London,  Simpkin,  2nd  ed.,  1866.) 
Useful  Information  for  Engineers,  by  W.  Fairbairn,  3  vols.,  8vo., 
10#.  6d.  each.  (London,  Longman,  1864.) 

7\irfttii^  and  Mechanical  Manipulation,  by  C.  Holtzapffel,  3  vols., 
8vo.,  21.  lOs.  (London,  1866.) 

Engineer's  and  Machinist's  Assistant,  2  vols.,  4to.,  41.  4s. 

(Glasgow,  Blackie,  new  ed.,  1860.) 
Engineer  and  Machinist's  Drawing  Book,  4to.,  21.  2s. 

(Ghisgow,  Blackie,  new  ed.,  1868.) 
Useful  Metals  and  their  Alloys,  by  Fairbairn,  ScofPem,  &c.,  8vo., 
7s.  6d.  (London,  Houlston,  4th  ed.,  1866.) 

Moulders'  and  Founders*  Pocket  Guide,  by  F.  Overman,  12mo.,  4;.  6^. 

(Philadelphia,  2nd  ed.,  1866.) 
On  the  Management  of  Steel,  by  G.  Ede,  8vo.,  5s. 

(London,  Tweedie,  4th  ed.,  1866.) 

In  addition  all  the  books  bearing  on  this  subject  in  Weale* s  Series  m»j 
be  recommended. 
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SUeaECT  VIII.— ACOUSTICS,  LIGHT  AND  HEAT. 

First  Stags  or  Elementary  Course. 
QaeBtaons  will  be  oonfined  to  the  following  subjects 


The  pupil  ought  to  hare  a  perfectly  clear  notion  of  the  manner  in 
whicfa  a  wane  is  propagated. 

He  ought  to  know  what  is  meant  by  the  terms  density  and  elasticity 
as  apphcA  to  air  and  other  bodies,  and  how  heat  and  cold  affect  the 
density  and  elasticity  of  air. 

He  ought  to  be  able  to  describe  simple  experiments  to  prove  that  air 
possesses  both  weight  and  elasticity.  He  ought  to  understand  the  law 
of  Ifaniotte,  the  construction  and  use  of  the  air  pump,  and  what  occurs 
whfiD  a  Bonndtag  body  is  placed  in  a  space  from  whicn  the  air  has  been 
withdrawn. 

He  ought  to  be  taught  to  see  the  play  of  elasticity  in  the  propa- 
gation of  a  sonorous  wave  through  air,  and  to  have  a  clear  mental  unage 
of  the  condensation  and  rarefbction  which  make  up  such  a  wave.  He 
must,  cf  course,  be  able  to  distin^mish  between  the  motion  of  a  wave 
and  tiie  motion  of  tiie  particles  which  at  any  moment  form  the  wave. 

He  ought  to  know  how  the  velocity  of  a  wave  is  affected  by  a  change 
of  density,  by  a  change  of  elastidiy,  or  by  a  change  of  both. 

He  ought  to  know  the  velocity  of  sound  in  lur  of  the  freezing  tem- 
perature and  also  the  amoimt  of  augmentation  of  velocity  for  every 
degree  of  the  thermometer.  The  temperature  of  the  air  being  given^  he 
ought  to  be  able  to  calculate  the  veloeitv  of  sound  through  it,  and  the 
velocity  of  sound  being  given  he  ought  to  be  able  to  calculate  the 
temperature  of  the  air. 

No  doubt  or  confusion  must  rest  within  his  mind  regarding  the 
mfianing  of  the  terms  velocity,  intensityy  and  amplitude.  He  ought  also 
to  know  the  relation  of  the  two  last  to  each  other. 

He  ought  to  know  the  laws  of  the  reflection  of  sound  by  tubes  and 
minorB,  and  to  be  able  to  apply  his  knowledge  to  the  explanation  of 
echoes. 

The  law  of  inverse  squares  as  applied  to  sound,  ought  also  to  be 
explained  to  tiie  pupiL 

He  ought  to  be  able  to  figure  mentally  the  propagation  of  a  sound- 
wave through  solids  and  liquids  as  clearly  as  through  air;  to  know  the 
velocity  of  sound  through  water,  and  to  be  able  to  infer  from  this  the 
rektion  of  tiie  density  ci  the  liquid  to  its  elasticity. 

He  ought  to  know  how  the  velocity  of  sound  through  air  has  been 
detemnned,  and  to  be  well  ezmaaed  in  the  calculation  of  distances  by 
means  of  light  and  sound. 

The  pupil  ought  to  know  the  physical  difference  between  music  and 
noise,  and  to  be  able  to  state  the  conditions  on  which  the  pitch  and 
the  intensity  of  musical  sounds  depend.  He  ought  also  to  be  able  to 
describe  various  methods  of  producing  musical  sounds. 

He  ought  to  have  clear  ideas  of  the  length  of  a  wave,  and  of  the  time 
of  a  vibration.  The  length  of  a  wave  at  a  definite  temperature  being 
ghren  he  ou^ht  to  be  able  to  calculate  the  time  of  a  vibration,  and  the 
time  of  a  vibration  being  given  he  ought  to  be  able  to  calculate  the 
leitfth  of  the  wave« 


He  ought  to  be  able  to  describe  a  method  of  determining  from  the 
pitdi  of  a  sound  the  number  of  vibrations  per  second  which  produce  it. 
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He  ought  to  know  the  structure  of  the  drum  of  the  ear,  including  the 
memhranes  that  close  it,  and  the  bones  that  cross  it. 

He  ought  to  know  the  laws  of  the  vibration  of  strings,  and  to  under- 
stand the  use  of  sound  boards  in  stringed  instruments. 

He  must  have  a  clear  notion  of  the  formation  of  nodes  upon  a  string'^ 
by  the  coalescence  of  direct  and  reflected  waves. 

He  ought  also  to  know  the  laws  of  vibration  of  columns  of  air  in  both 
stopped  and  open  pipes.  The  exact  condition  of  the  air  when  the  funda- 
mental notes  of  each  class  of  pipes  is  sounded,  ought  to  be  dearlj  present 
in  the  pupil's  mind. 

The  cause  of  beats  in  music  ought  also  to  be  explained  to  the  pupil^ 
and  he  ought  to  know  the  range  of  the  human  ear  for  musical  sounds. 

Light, 

Before  entering  upon  the  subject  of  light,  the  teacher  will  have  been 
car«ful  to  make  his  pupil  perfectly  familiar  with  the  conception  of  waves 
of  sound  impinging  upon  the  tympanic  membrane,  and  the  transmission 
of  the  tremor  thus  produced  to  the  auditory  nerve.  He  need  not  attempt 
to  enter  upon  the  details  of  this  transference  to  the  nerve,  but  up  to  the 
tympanic  membrane,  and  including  it,  the  idea  formed  by  tlie  pupil  of 
sound  waves  and  their  action  must  be  perfectly  distinct,  in  all  cases  an 
image  must  exist  corresponding  to  the  teacher's  words. 

He  must  understand  that  the  sensation  of  light  is  caused  by  some- 
thing that  hits  the  optic  nerve.  That  this  something,  whatever  it  be, 
passes  through  the  humours  of  the  eye  to  reach  the  nerve  behind.  The 
conception  of  light  known  as  the  emission  theory  can  affcerwurds  be 
made  clear  to  the  pupil.  According  to  this  theoiy  a  ray  of  light  would 
be  a  train  of  these  particles. 

Thtkt  a  ray  of  lignt  proceeds  in  a  straight  line  must  be  made  known  to 
the  puj)il.  In  connection  with  this  point  the  inversion  of  objects  by  rays 
passing  through  small  apertures  must  be  explained. 

The  mode  of  determining  the  velocity  of  light  by  the  eclipses  of 
Jupiter's  satellites  must  be  explained  to  the  pupil. 

The  law  of  inverse  squares  must  be  illustrated. 

The  cause  of  shadows  and  penumbras  must  be  explained. 

The  mode  of  determining  the  relative  intensities  of  two  lights  by 
means  of  the    shadow  test"  must  be  explained. 

The  reflection  of  light  from  plane  mirrors  must  be  explained. 

The  pupil's  attention  must  be  drawn  to  the  lateral  inversion  of  objects 
by  plane  mirrors.  He  must  know  how  the  distance  of  au  image 
behind  a  looking  glass  is  afiPectod  by  a  change  of  position  of  the  glass 
in  a  direction  peqiendicular  to  its  own  planes. 

The  relation  between  the  angular  velocity  of  a  reflected  ray  and  the 
mirror  that  reflects  it  must  be  explained  to  the  pupil.  The  multiplica- 
tion of  images  by  angular  mirrors  ought  also  to  be  explained,  and  from 
it  the  appearances  of  the  kaleidoscope  rendered  intelligible. 

The  formation  of  images  by  a  concave  spherical  mirror  ought  to  be 
explained  to  the  pupil.  The  axis,  principal  focus,  and  centre  of  the 
mirror  are  to  be  pointed  out.  Beginning  with  a  luminous  point  placed 
beyond  the  centre,  and  upon  the  axis,  the  successive  positions  of  the 
image  of  this  point  during  its  motion  along  the  axis  from  a  great 
distance  through  the  centre  through  the  principal  focus,  up  to  the 
surface  of  the  mirror  itself  must  be  determinable  b^  the  pupil.  He  will 
then  be  taught  to  determine  the  position  of  the  miages  of  points  not 
placed  on  the  axis.  Objects  of  sensible  dimensions,  such  as  uie  pupil's 
own  body,  roust  then  be  substituted  for  points.  (The  teacher  vriU  avail 
himself  of  such  simple  apparatus  as  he  can  command  in  the  explanations 
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■  heMTCfenedto;  a Bilver  spoon^  if  he  poafleiisea  nothing  better,  will  be 
naeftil). 

Real  and  virimalfoci  are  to  be  defined. 

The   aberration  *' of  a  laige  spherical  mirror  must  be  explained. 

The  refraction  of  light  must  be  explained.  By  means  of  a  simple  geo- 
metrical conatraction  the  meaning  of  the index  of  refraction  "  may  be 
exnUined  to  the  pupil  without  the  introduction  of  the  term  "  sine."  - 

it  must  be  clearly  explained  that  an  object  looked  at  with  a  single 
CQfe  appears  more  near  the  greater  the  divexvence  is  of  the  rays  which 
reach  ue  eye  from  the  various  points  of  the  object.  From  this  it  will 
be  infrned  that  a  lake  or  river^  the  bottom  of  which  is  visible,  appears 
more  shallow  than  it  really  is. 

Various  simple,  but  instructive  illustrations  of  the  effects  of  refraction 
will  occur  to  the  teacher,  such,  for  example,  as  the  rendering  of  a  coin 
visible  by  pouring  water  into  a  basin,  and  the  apparent  bending  of  a 
atnught  stick  throst  obliquely  into  water. 

TSb  civcmnstances  under  which  total  refUdtum  occurs  must  be  clearly 
ex^ained  to  the  pupil. 

The  power  and  action  of  lenses  must  be  explained;  the  teacher  will 
define  the  ftincipal  foeus  of  a  lens.  As  in  the  case  of  a  spherical 
mirror,  he  will  bej^n  with  a  luminous  point,  determining  the  position 
and  character  of  its  image,  while  it  moves  from  a  great  £stance  up  to 
the  lens  itself.  He  will  pass  from  points  to  ol^eots  of  sensible  dimen- 
aiooa,  and  ahow  how  the  position  of  the  image  of  every  point  of  such 
6^ectm«r  be  determined. 

Here  also  real  and  virtual  foci  are  to  be  explained. 

The  axnla&afcion  of  the  magic  lanten&  is  then  to  be  introduced. 

It  would  add  much  to  the  efilciency  of  the  instruction  if  the  teacher 
would  illustrate  the  points  here  referred  to  by  common  spectacle  lenses, 
ptovided  he  has  nowmg  better. 

The  pupil  in  the  first  class  is  also  in  a  condition  to  know  what  is 
meant  by  the  spherical  aberration  of  a  lens. 

He  must  unaerstand  the  optical  structure  of  the  eye,  be  able  to  give 
a  dear  account  of  the  conditions  of  distinct  vision,  and  of  the  cauaea 
and  remedies  of  long  and  short  sight. 

He  ought  to  be  acquainted  witii  the  fact  that  impressions  persist 
upon  ^  retina^  and  to  know  what  is  meant  by  hrradiation. 

He  ofught  to  know  the  principles  of  binocular  vision,  and  to  clearly 
oompsehMid  how  the  impression  of  solidity  is  produced   by  the 

He  ought  to  be  made  acquainted  with  the  composite  character  of 
white  li^t;  and  to  be  able  to  describe  an  experiment  by  which  such 
light  may  be  resolved  into  its  coloured  oonstituents. 

He  ought  to  understand  the  doctrine  of  colours  as  far  aa  they  are 
prodnoea  by  absorption. 

And  he  ou^ ht  to  understand  the  meaning  of  chromatic  aberration* 

Finsdly,  it  is  to  be  stated  to  the  pupil  that  acoordixig  to  our  best 
knowle<lge  the  sensation  of  light  is  not  produced  by  the  impact  of  little 
pertidlea  darted  out  from  luminoua  bodies ;  but  that  it  is  caused  in  a 
ntmsm^  soinewhat  similar  to  the  sensation  of  sound,  namely,  by  the 
•ooeeashre  shocks  of  minute  waves  against  the  retina. 

Heat. 

Thb  pupil  should  know  the  general  eflMi  of  heat  upon  the  volumes 
of  bodies,  and  ahould  be  able  to  describe  experiments  iilustiative  of  the 
eaipuMHmof  iM^dabrheat.  He  ought  also  to  have  an  idea  of  the  almost 
iirenatible  Ibroe  of  tnis  expansion. 
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eoefidmt  of  expansion,  linear,  superficial,  and  cubical. 

He  ought  to  know  hj  heart  the  coefficients  of  expansion  of  sold, 
silver,  plaAanum,  iron,  and  glass ;  and  the  reason  why  it  is  possibK  to 
fuse  platinum  wire  into  glass  without  fraotore  on  cooling. 

He  ought  to  know  the  principle  of  Breguet's  metalhc  thermomeier, 
and  to  be  made  acquainted  with  some  of  the  precautions  which  efaasiges 
t}f  Tolume  by  heat  and  cold  render  necessaiy  in  the  arts. 

He  ought  to  be  able  to  describe  und  explain  *the  ffridiron  pendulum. 

He  must  be  able  to  describe  the  construction  ana  explain  the  use  of 
i)f  the  mercuriftl  thermometer ;  the  scales  of  Fahrenheit,  CelsiuB,  and 
Reaumur  must  be  known  to  him,  and  he  must  be  ab1«  to  eonTSKt 'im- 
mediately the  readings  of  any  one  of  them  into  those  of  ihe  other. 

The  dependenoe  of  the  boiling  point  of  water  upon  external  pussme 
ought  to  DC  known,  and  the  pupil  must  be  able  to  gsve  Hhutraticms  of 
this  dependence. 

He  ought  to  know  by  heait  "the  ooeffitnents  of  expansion  of  water, 
alcohol,  and  mercury. 

The  pupil  must  be  well  acquainted  wHh  whaft  is  caQed  the  uwfkmum 
cfens^  ofwatter,  to  state  at  what  temperature  it  occurs,  and  to  point^t 
its  elNOls  in  nature. 

He  ought  to  be  acquainted  wMi  the  change  of  rolume  whicSi  ooem 
*wh0n  water  passes  from  the  liquid  to  the  solid  state,  and  to  apply  Ins 
knowledge  to  the  bursting  of  wate^^pipes  in  frosty  weather.  He  ought 
to  be  acquainted  with  the  fret  that  expansion  on  solidification  is  not  a 
property  peculiar  to  water. 

He  ought'to  be  able  to  deseriiie'experuueMls  which  shall  illuBtnHie  the 
expansion  d  gases.  The  jprindple  and  action  of  the  fire-balloon  ought 
^  M  explained  to  the  pujm. 

The  general  principles  of  ventilation  ought  also  to  be  known -to  Wm, 
«nd  also  the  sun's  action  in  the  generation  of  'winds.  He  ought  to  be 
able  to  explain  the  Trade  Wmds. 

fHie  tsonslaney  of  the  coeffloient  of  expansion  of  gases  oti^ht  ^  be 
pointed  out,  with  tiie  small  deviations  from  tiie  genend  rule  cidiMted 
DY  carbonic  and  sulphurous  acids.  The  chemical  and  physical  dianeter 
or  these  gases  ought  to  be  known  to  the  pupil. 

He  ought  to  know  the  constitution,  chemical  and  ^i^jsica],  df  aqumms 
vapour,  and  how  it  is  diAised  in  the  atmosphere,  ae  ought  to  know 
^e  meaning  of  the  term  MrHtrafaif  as  applied  to  air  charged  with  Taponr. 

The  effect  of  expansion  in  chilling  air  ought  to  be  known  to  the  pupil, 
«nd  also  the  oondEsnsation  oi  the  aqueous  vapour  diffused  tkiougn  the 
air  in  eonsoquenoe  of  such  a  chill. 

He  oupht  to  be  able  to  see  the  applioa^n  of  this  knowledge  to  ihe 
exnlanamn  of  ek>uds  and  rain. 

He  ought  to  have  a  perfectly  clear  idea  of  what  is  meant  hr  ipeegie 
heai  or  eopoci^r  /or  keai,  and  to  be  able  to  describe  the  ^caloguneter  of 
lAvcisier  and  Laplaee.  He  ought  to  know  by  heart  tiie  speoifie  heats  of 
water,  akx^ol,  mereuij,  kon,  and  lead ;  and  to  be  made  aware  xfi  "Oie 
influence  whid>  the  high  specific  beat  of  water  exercises  upon  c^nsle. 

He  ought  also  to  be  intnnately  acquainted  with  the  ft^ts  cotoed  hy 
the  term  latent  heat.  Taking  a  block  of  iee  at  a  temperature 'bdow  the 
freezing  point,  he  ought  to  be  able  to  describe  with  perfect  accuracy  what 
occurs  when  the  temperature  of  tbs  substance  is  raised  until  it  liquifies, 
boils,  and  is  converted  into  vapour. 

nie  latent haat  ofwater,  as  exprened  on  ik%  ftknoMi  fsnd  oenti- 
l^e  sealss,4i«ght  to  be  ia  tiio  pnpS'fl  memery* 

The  eoU  of  evaposatian  aadits  effsot  in  fraenng'watsrin  thoayophD* 
ms  ought  to  be  known  to  the  pupil. 
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He  ovgtel  to  be  ereoraiied  in  otfeidiAioiiB  on  tke  changes  of  temptti^ 
ton  dae  to  the  mhctate  of  stesm  and  water  in  wiouB  proportions. 

The  jmoil  ought  to  know  wlmt  is  meant  by  the  ctrndmOkn  oi  heat,  and 
must  be  akle  clearly  to  distinguish  it  from  the  distdbotion  of  heat  by 
tmoeetum.  He  ooght  to  know  by  heart  the  munbers  expressing  the 
rdbmive  condootirity  of  ^okL,  silw*  copper,  iron,  and  lead. 

He  ooght  to  be  aoqnamted  with  the  low  power  of  condaotion  of  organic 
sabetsnees;  to  know  the  effcot  of  meohanical  textnre  on  the  transmission 
of  hast,  and  to  explain  the  fbnolion  of  dothaa  in  prasernng  the  body 
Cram  cold. 

He  ought  to  be  acquainted  with  the  character  and  phenomena  of 
combustion ;  to  be  able  to  explain  the  chemical  actions  which  occur  in 
the  eombuttion  of  coal  and  of  ordinary  gas,  and  to  expla^  the  manner 
in  which  a  candle  flame  receives  its  supp^  of  oombustmle  matter. 

The  oombnstion  of  the  diamond  and  Newton's  prediction  regarding 
it  ought  to  be  known  to  the  pupil.  That  animal  heat  is  doe  to  alow 
cambustkm  ought  also  to  be  made  known. 

The  structure  of  an  ordinary  gas  flame  ought  to  be  pointed  out, 
and  tiie  cause  of  the  diflisranoe  between  this  flame  and^iat  of  a  Bunsen's 
bmser  explained. 

The  pupil  must  be  acquainted  with  the  general  phenomena  of  radima 
heat,  iTxe  similarity  between  the  phenomena  of  radiant  heat  and  those 
of  l^ht«  as  regards  reflection  and  refraction,  ought  to  be  known  to  tiie 
pimiL 

The  Mferent  powers  possessed  by  dlilaent  substances  to  radiate  heat 
ought  to  be  pointed  out,  and  this  knowledge  ought  to  be  applied  in 
ex^uning  the  strikinff  flMt  that  the  cooling  of  a  vessel  may,  under 
certain  circumstances,  be  hastened  br  surrounding  it  with  flannel. 
The  reciprocity     radiation  and  absorptkm         to  be  known  to«tlhe 


le  ought  also  to  know  what  is  meant  by  the  term  dSuUkernumcy,  md 
to  be  able  to  point  how  this  property  ii  mssrifested  by  different  bodies. 

Sboono  Staob  or  Advanckd  Couass. 

Questions  may  be  set  in  all  Subjects  enumerated  under  the  Elementary 
Stage,  and  in  addition  on  the  following  topics : — 

Acoustics, 

The  second  course  in  acoustics  includes  an  intimate  knowledge  of 
aU  the  subjects  mentioned  in  the  first.  In  addition  to  this  a  knowledge 
of      following  subjects  will  be  required : — 

The  augmentation  of  the  velocity  of  propagation  of  a  ware  of  sound 
fhromrh  air  hs  the  condensation  and  rarendion  of  the  sound  wave 

Harmonic  tones,  thdr  generation  and  their  frinction  m  music. 
The  laws  which  regulate  tiie  transverse  vibrations  of  rods. 
"Vie  vibrations  possible  to  a  tuning  fork,  a  disk,  and  a  bell. 
*Tlie  formation  of  Chladni's  figures. 

The  laws  which  regulate  the  longitudinal  vibrations  of  strings  and 
rods.  By  a  comparison  of  the  notes  emitted  by  a  rod  and  a  column  of 
air  liie  pupil  ought  to  be  able  to  determine  the  relative  velocities  of 
souiid  tnrouf^h  both  substances. 

The  conditions  and  cause  of  resonance  ought  to  be  known  to  the 


J  ooght  ate  to  know  how  sounds  are  produced' by  the  voeal  organs 
of  man,  and  to  see  clearly  :the  simiUnlgr  between  such  sounds  and 
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those  of  the  syren.  As  %  ease  of  the  same  kind,  the  eonstmction  and 
explanation  of  the  Eolian  harp  ought  also  to  be  known  to  the  pupil.  . 

Be  ought  to  be  well  acquainted  with  the  principles  of  intemfe&ce  as 
applied  to  sound. 

He  ought  to  be  atyjuainted  with  the  prindplea  of  haimony*  to  know 
the  ratios  of  the  vibrations  corresponding  to  the  notes  of  the  gamut,  to 
be  able  to  give  a  clear  account  of  the  bearing  of  inteiference  upon  the 
question  of  consonance  or  dissonance,  and  to  explain  why  those  ratios 
which  are  represented  by  small  whole  numbers  correspond  to  tiie  most 
perfect  harmony. 

The  candidate  in  the  second  course  must  be  intimately  acquainted 
with  all  the  subjects  mentioned  in  the  first. 

He  must  be  able  to  apply  his  knowledge  of  total  reflection  to  the 
explanation  of  the  mirage  of  the  desert. 

He  must  be  able  to  describe  experiments  by  which  white  light  may  be 
produced  by  the  admixture  of  its  constituents. 

He  must  know  what  is  meant  by  achramoHm. 

He  must  be  able  to  give  a  dear  description  of  the  undulatory  theory, 
and  to  state  how  the  colours  of  the  spectrum  are  accounted  for  by  that 
theory. 

He  must  be  able  to  define  a  ray  of  light  in  accordance  with  the 
undulatory  theory. 

He  must  be  able  to  show  how  the  reflection  and  refraction  of  light 
occur  accoo^ing  to  the  undulatory  theory. 

He  must  be  able  to  describe  the  appearances  presented  when  incan- 
descent metallic  vapours  are  analysed  by  the  prism.  Especially  must  he 
be  able  to  state  what  occurs  when  a  sodium  flame  is  thus  analysed. 

He  must  also  be  able  to  state  what  occurs  when  white  light  is  trana- 
mitted  through  a  sodium  flame,  and  he  must  be  able  to  describe  an 
experiment  which  shall  render  manifest  what  occurs. 

He  must  be  able  to  state  generally  the  relation  that  subsiBts  between 
radiation  and  absorption  by  gases  and  vapours. 

llie  lines  of  Fraunhofer  niust  be  known  to  the  pupil,  and  from  this 
knowledge  in  coi^unction  with  the  knowledge  demanded  by  the  fore- 
going paragraphs,  he  must  be  able  to  infer  the  probable  constitution  of 
the  sun. 

The  pupil  ought  also  to  know  the  principles  of  interference  as  applied 
to  light. 

He  ought  to  be  able,  in  accordance  with  these  principles,  to  account 
for  the  colours  of  thin  plates  and  of  striated  surfaces. 

The  general  principles  of  diffraction  ought  to  be  known  to  the  pupil. 

He  ought  to  know  what  is  meant  by  plane  polarised  light ;  to 
describe  the  act  of  polarisation  in  the  language  of  the  undulatory  theory. 

He  ought  to  know  what  occurs  when  a  beam  of  light  is  transmitted 
through  a  crystal  of  Iceland  spar;  and  to  describe  the  state  of  the 
emergent  light  as  regards  polarisation. 

He  ought  to  be  able  to  describe  the  effects  observed  when  %ht  is 
transmitted  through  two  plates  of  tourmaline  cut  parallel  to  the  axis  of 
the  crystal. 

He  ought  to  be  able  to  describe  some  form  of  the  polariscope^  and 
to  state  and  explain  b^  the  principles  of  interference  what  occurs  wlien 
a  thin  plate  of  selenite  is  placed  between  the  polariser  and  analyser. 

Heat. 

The  candidate  in  the  second  course  must  be  intimatdy  acqaainiad 
with  all  the  subjects  introduced  uito  the  first. 
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BBOQ^iobeible  to  give  a  dear  stiktoaiait  of  ttie  meoAi^^ 
of  bnt  18  disimgiiiBhed  from  the  wutterial  theory. 

He  imiet  know  what  is  meant  hj  the  meehanical  equivalent  of  heat," 
tadhovr  H  has  been  detomined. 

He  mut  knoir  what  is  meant  by  epeeific  heat  afc  constant  volume  and 
ateowiant  j^iessure,  and  to  have  in  nis  memory  the  numerical  ratio  of 
tiietvo  ^eeifio  heats. 

He  outfit  to  be  able  not  onl^  to  explain  the  meaning  of  the  difference 
beiiWBi&e two  speeifio  heats  m  aooordanoe  with  the  mechanical  theory, 
but  tko  to  show  how  from  this  ratio  the  mechanical  equivalent  of  heat 
may  be  determined. 

tiiven  the  wdght  and  velocity  of  a  moving  body  he  ought  to  be  able 
to  aikttVate  the  amount  of  heat  generated  by  the  stoppage  of  the  motion. 

He  ought  to  be  able  to  apply  the  ccmceptions  of  the  mechanical  theory 
to  the  plw&omena  of  oombustion. 

He  ought  also  to  be  able  to  show  the  boring  of  the  theory  upon  the 
phenomenaof  spedfic  and  latent  heat. 


EXAUINATIOM  FOR  HoNOURS. 

The  candidate  for  honours  must  be  intimately  acquainted  with  the 
fongciag  two  courses.  He  must  also  show  himself  Draotically  acquainted 
vith  the  apparatus  employed  in  acoustics,  light,  ana  heat. 

The  following  are  recommended  as  text  books : — 
Tie  BImenis  of  Natural  PkOotophy,  by  C.  Brooke  and  Qolding  Bird, 
12mo.,  \2t.  6d.  (London,  Churchill.  6th  ed.,  1867.) 

Gwoft  experimental  and  Applied  Physics,  translated  by  £.  Atkinsou, 
8vo.,  IBs.         "  (London,  Longman,  2nd  ed.,  1867.) 

Uasdbook  qfNatwrai  Philosophy,  by  D.  Lardner.  4  vols.,  12mo.,  20s. 

(London,  Walton,  1866.) 
^Slmestonf  Treatise  on  Heat,  by  Balfour  Stewart,  12mo.,  7s.  Sd. 

(London,  Macmillan,  1866.) 
Sou  a  Mode  of  Motion,  by  J.  Tyndall,  8vo.,  10*.  6rf. 

(London,  Longman,  3rd  ed.,  1868.) 
4  Corte  (ff  Sight  Lectures  on  Sound,  by  J.  lyndaU,  8vo.,  9s. 

(London,  Longman,  1867.) 


SUBJECT  IX.-MAQNETISM  AND  ELECTRICITY. 

First  Stags  or  Elrmkntary  Course. 
Jlfa^fftffii. 

It  is  exceedingly  desirable  that  the  pupil's  ideas  of  the  fimdamental 
fiiets  and  pnnciples  of  magnetism  should  be  as  dear  as  our  knowledge 
and  his  enncity  can  make  them. 

He  ought  to  be  made  acquainted  with  the  action  of  the  natural  nuumet 
or  loadstone  on  small  pieces  of  iron.  This  is  to  be  mentioned  to  nim 
as  the  Hiat  ftct  observed,  but  for  the  explanation  of  which  other  fhcts 
are  neeeanry.  The  action  of  two  natural  magnets  upon  each  other 
ought  to  he  described,  and  through  this  action  a  clear  notion  of  the 
doebine  magnetic  poUnrity  ought  to  be  conveyed  to  the  pupil's  mind. 
The  power  of  the  natural  magnet  to  confer  its  own  magnetic  properties 
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upott  Bted,  and' tin  aetian  ci  tiie  nainni  magqeioA  fte  tML  wUdi.ft 
has  magnetised,  ought  to  he  explained* 

Tha  action  of  two  piaeas  of  magnutiaedstaeiiiponea^ 
be  made  clear,  and  m>m  this  action  the  fundamental  law  tbait  like  polit 
Kpd  each  other,  and  that  unlike  poltfr  attnel  eaok  other,  ooglil  ta  hm 
deduced. 

The  distribution  of  magnetism  in  a  bar  magnet  evgkt  to  ba  madr 
clear.'  Hie  eifeot  of  breaking  the  magnet  into  two  halvea ;  the  effect  of 
agMn  breaking  these  halTes;  and  tiuwog^  facta  of  thia  naitan^  a  el«aff 
idea  is  to  be  conveyed  thai  each  molecule  of  the  maanet  ia  itself  a 

magnet;  the  action  of  the  magnet  as  a  whole  being  «he  sum  of  tha 
actions  of  its  molecules. 

It  is  of  exceeding  importance  that  ihe  P«pil  ahnold  ba  twght  to: 
connect  the  facts  of  magnetism  b j  means  of  the  nrovisional  oonception 
luiown  as  the  theory  of  tnafnetic  fluids.  The  teacnar  will  aaaore  himaelf 
that  a  correct  image  of  this  ti&eory  is  in  the  pupil's  mind.  He  wiU  at 
the  same  time  be  careful  to  inform  the  pupil  that  the  thaoty  is  an  inaga 
merely,  which  enables  him  to  connect  and  classify  his  facts,  and  that  it 
is  not  a  proved  scientific  truth. 

The  theory  is  to  be  applied  in  esrplainnig  the  diflbrenoe  between  iron 
and  steel  as  regards  theor  power  of  accepting  and  retaining  magnetiam. 
Tht  term  coerche  force  and  all  that  relates  to  it  w31  here  come  under 
review. 

The  theory  is  also  to  be  applied  in  explaining  the  flvet  obaerred  fkets  cf 
magnetism,  including  in  toem,  and  illustrating  by  them  the  general 
phenomena  of  magnetic  induction,  ornagnetiaatioa  Dy  infinenoa.  Bvoy 
student  ought  to  have  a  clear  imaffe  of  the  atata  of  a  piece  of  iron  aotad 
on  by  a  magnet,  and  ha  ought  to  be  able  to  explain  whv  the  attraotien  of 
the  iron  is  a  consequence  of  that  state.  He  ought  clearly  to  see  that 
repulsion  as  well  as  attraction  is  at  work,  the  resultant  attraction  being 
the  difference  of  both. 

He  ought  to  understand  that  when  the  attracting  magnet  is  veiy  dis- 
tant, the  differenoa  between  attraction  and  n^u&ion  ia  so  small  aa 
to  be  imperoeptiUe;  this  knowledge  will  render  it  easy  for  hhn  to  com- 
prehend why  the  magnetic  polea  of  the  earth  whkh  give  d&reeium  to  a 
magnetic  needle  are  incompetent  to  produce  a  motion  of  translation. 

The  pupil  ought  to  know  the  £&ct8  of  teixeBtrial  magnetism ;  why  it  is 
that  we  consider  the  earth  a  magnet.  It  will  be  possible  to  make  him 
acquainted  with  all  that  is  known  regarding  the  position  of  the  earth's 
magnetic  equator  and  of  the  terrestriiu  magnetic  poles. 

The  terms  declination  (variation),  indination  (dip),  and  magnetic 
intensity,  ought  to  be  explaoned  to  him. 

Frictional  Electricity, 

Here  also  care  must  be  taken  to  imprint  the  fundamental  facts  and 
principles  clearly  and  firmly  upon  the  pmpil's  mind.  It  is  easy  in  the 
case  of  frictional  electricity  to  let  the  pupfl  actually  see  some  of  the  facts ; 
and  it  is  exceedingly  desirable  that  he  snould  do  so«  Tha  same  fcsuKk 
appbes  to  the  elementary  fisots  of  magnetism. 

As  in  the  case  of  magnetiBm,  the  fftet  first  obeerved,  namely,  tha 
attraction  of  li^ht  bodies  by  rubbed  amber*  must  ba  ahown  to  need 
other  facts  for  its  exphination. 

The  mode  of  exciting  bodiea  by  friction  is  to  be  described ;  tha  action 
of  rubbed  and  unrubbed  vitreous  bodies  upon  each  other;  the  action  U 
rubbed  and  unrubbed  reainous  bodies  upon  each  other ;  and  tiie  actioa 
of  vitreous  bodies  upon  resinous  bodies,  and  the  reverse^  are  to  ba  deaily 
described  and  iUustrated.   From  these  facta  the  law  is  to  ha  dodnMa 
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etch  other.  The  pupil  ou^ht  to  know  why  the  terms  vitreouB  sad 
imimma^m  appliea  to  elMtndi^,  have  been  abandoned. 

Hayings  been  made  aequaintod  with  the  dementaiy  &ata  end  prind* 
pleiy  ^  papjl  ia  to  be  xendcNd  fimiliar  with  the  pcoyieicaMil  ooaoention 
oeUed  the  theory  of  electric  fluidfl.  As  in  the  case  of  magnetism^  ha  ia 
Ltt  aufluaiMiil  tW  thie  theoiy  ia  an  Image  merely,  and  not  a  truth. 
He  ought  to  be  made  aeyaintBd,  by  expenmenta  performed  oc 
flied,  with  the  qnalitiea  of  uwJationand  oonduotion.  He  ought  to 
rthanamn  of  the  old  division  of  bodiea  into  eleoirias  ana  n<m» 
I,  and  also  the  unsound  character  of  this  classification* 
r  dcfinitiona  ought  to  be  gitren  aa  to  what  is  to  be  undostood  by 
i  and  what  by  negafore  efeotricity.  The  pupil  must  be  able  to 
ktiie  <raali^  of  the  ekdaneiiv  with  whioh  any 
lia  flOMt  be  thoroughly  veiaed  in  the  phenomena  of  electric  induction, 
and  innst  be  abte  to  amdy  tfaetheoy  of  eLeetrio  fluids  in  tiie  explanation 
of  tiiese  phenomena.  In  connexion  with  the  subjeet  of  electriod^  this  is 
thaxBoat  important  part  of  the  teacher's  duty,  m  upon  a  knowledge  of 
tim  ihota  and  j^iinoiples  of  eleoirio  mduction  the  ffnnpn^^^if'ftiftni  of  n^riffat 
all  tfiat  follows  it  depends. 

Tkapoial  ought  to  be  able  to  construct*  or  describe  the  construction, 
of  an  electrophotiis,  and  to  explain  its  action  by  referenoa  to  theprinoiplea 
of  electric  indnolkm. 
fie  oofi^tD  be  aUa  to  expbia  the  wofiamet  by  lefennce  to  the  same 


oi^^tabaabLatoeaplaintbe  diaiging  and  diacfasffging  of  the 
Levden  jar  by  reference  to  the  same  principles. 

be  ought  to  be  able  to  describe  tne  charging  of  the  prime  conductor 
of  an  dertric  machine  by  reference  to  the  same  principles. 

Hie  knoiriedge  implied  in  tiie  last  three  miestions  embraces  that  of 
the  construction  of  the  condenser,  the  Leyden  jar,  and  the  dectric 
machine.  The  first  form  of  the  Leyden  jar  ought  to  be  known  to  the 


'ft. 


i  diatribntkm  of  deeiridiy  on  the  aor&ees  of  conductofa  is  to  be 
made  known,  and  from  it  the  powir  of  points  to  disperse  dectadiy 
'  to  be  deduced.  The  pupu  ought  to  realise  that  in  virtue  of  its 
an  eitso&io 


charagtcr  aa  eiwotrio  fluid  always  moves  to  the  external 
The  power  of  flames  in  (uapersing  deotridty  ought 
alao  to  be  made  known  to  the  pupiL 
He  win  now  be  ready  to  understand  the  form  and  theory  of  Ijghtning 


The  physiological,  deflagfating»  and  medianifal  effects  of  the  electric 
ilisnhaigt  ought  to  be  known  to  the  pupA.  He  ought  also  to  be  able 
to  apply  his  knowledge  to  the  explanation  of  thunder  and  lightningi  and 
oftfaajetam  shook. 

Vciioic  Slcciricity, 

1W  shttpjuei  combfaiatioiia  for  the  generation  of  a  veUuc  eunrent 
ooght  to  made  known  to  the  pupil.  The  electric  state  of  the  free 
OHB  of  ikB  two  metals  immersed  m  the  exdting  liquid  ought  to  be 
described;  he  ought  to  be  taught  to  apply  the  theory  of  electric  fluids 
to  the  eooeeption  of  two  ovrents  flowing  m  opposite  directions,  and 
tiien  the  omission  of  one  of  these  cunents  as  a  matter  of  oonvenienpa 
owhtto  be  made  known* 
ft  is  veiT  important  that  the  pupil  should  have  a  clear  physical 
of  the  fundamental  phenomena  before  his  mind.  As  m  cases 
Nfemd  t0i  the  teacher  will  be  oarefhl  to  exphdn  tiiat  this 
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idea  of  afluidflowiBginaounentiaaaimageinflNly^aodnotapK^^ 

truth. 

Galvani's  expenment  with  the  legs  of  the  frog  which  he  aunpeaded  . 
br  a  copper  hook  on  an  iron  railing  ought  to  be  explained;  and 
also  the  experiment  of  Sulzer,  where  the  tongue  is  placed  between  two 
metals. 

The  bearing  of  the  experiment  illustratinjif  ''the  return  shock"  on  . 
Galvani's  first  observation  ought  to  be  explamed. 

The  idea  of  an  electro-motive  force  separating  the  two  eleetridtifls 
and  driving  them  in  opposite  directions  ought  to  be  distinct  in  the 
pupil's  mind. 

He  ought  to  be  made  acquainted  with  the  magnedcal  effbcts  of  the 
circuit,  with  the  action  of  a  current  upon  iron  mings,  with  its  action 
upon  a  freely  suspended  magnetic  needle.  In  this  latter  action  he  is  to  be 
particularly  well  versed,  so  as  to  be  able  immediately  from  tiie  deflectioii 
of  the  neeole  to  infer  the  direction  of  the  current,  and  from  the  directicii 
of  the  current  the  deflection  of  the  needle. 

He  must  know  the  action  of  a  current  upon  a  bar  of  iron  placed  wi^n 
a  coil  round  which  a  current  circulates.  He  must  understand  the  magnetic 
properties  both  of  the  coil  and  of  the  bar. 

He  ought  to  be  made  acquainted  with  the  simplest  form  of  the  multi« 
plying  galvanometer. 

He  ought  to  understand  the  principles  of  the  needle  telegraph. 

Some  of  the  chemical  effieots  of  the  current  ought  to  be  made  known 
to  the  pupil.  He  ought,  for  example,  to  have  a  distinct  notion  of  the 
composition  of  water,  and  an  equally  distinct  notion  of  its  decompositkm 
by  the  electric  current. 

Secokd  Stagk  or  Advancsd  Courss. 
Mafftieiism, 

The  more  advanced  pupils  tiiat  undertake  the  second  course  ought  to 
be  intimately  acquainted  with  all  the  subjects  introduced  into  the  first. 
The  following  additional  subjects  are  to  be  mastered. 

The  disposition  of  the  so-cidled  magnetic  curves  round  a  bar  magrnet, 
round  two  bar  magnets  with  similar  or  unlike  poles  acUacent  to  each 
other,  and  round  a  horse-shoe  magnet,  must  be  clearly  understood.  The 
pupil  must  know  how  a  short  magnetic  needle,  or  of  a  short  bar  of  iron 
freely  suspended  acts  in  relation  to  those  lines,  and  he  must  be  able  to 
show  that  the  lines  are  deducible  from  the  doctrine  of  magnetic  polarify 
combined  with  elementary  mechaniotl  conceptions. 

He  must  be  able  to  figure  mentallv  the  magnetic  curves  of  the  eartii, 
and  to  see  their  relation  to  the  line  of  dip. 

He  must  have  perfectlv  dear  notions  as  to  what-  is  meant  by  tiie 
strength  of  a  magnet.  He  must  be  able  to  compare  the  strength  of 
magnets  together,  by  the  method  of  oscillation,  by  the  torsion  biSiaaoe, 
or  by  the  deflection  of  a  small  magnetic  needle. 

A  knowledge  of  the  principles  and  use  of  tiie  torsion  balance  is  quite 
essential. 

He  must  know  what  is  meant  by  the  law  of  inverse  squaxes,  and  be 
able  to  show  how  it  has  been  experimentally  demonstrated. 

The  pupil  must  be  acquamted  with  tibe  effect  of  temperature  and  of 
percussion  upon  a  magnet. 

He  must  know  the  meaning  of  the  terms  horisontal  intensity,  vertical 
intensity,  and  total  force.  He  ought  also  to  know  what  is  meant  by  tfae 
variation  of  all  of  those,  that  they  are  different  at  diffierent  parte  of  the 
earth's  surface,  at  different  hours  of  the  day,  at  different  seasons  of  tiie. 
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yeaor.  To  »  knowle^  of  tiie  diurnal  vad  aainnl  vnriataons^  he  ought 
to  add  a  knowledge    tiie  seoolar  variation. 

FHetional  Electricity. 

Tlte  more  advanced  pupil  must  be  intimately  acquainted  with  all  ^e 
sobjecta  introduced  into  the  first  course. 

He  must  understand  ^e  cascade  amngement  of  the  Leyden  batterv, 
as  contiaBted  with  the  ordinary  arran|<ement. 

He  must  understand  the  apphcation  of  the  torsion  balance  to  the 
measurement  of  electric  force. 

He  ought  to  be  able  to  think  out  and  describe  various  new  and  simple 
forms  of  the  condenser  and  the  Leyden  jar. 

He  ought  to  be  able  to  carry  forward  the  idea  of  an  electric  fluid  to 
the  conoeption  of  a  current  of  such  fluid ;  he  ought  to  be  able  to  describe 
the  chemical  and  magnetical  effects  of  such  a  current.  He  ought  to  be 
able  dearly  to  contrast  those  actions  as  manifested  b^rfrictional  electricity 
witili  tiie  same  actions  as  manifested  by  voltaic  electricity. 

He  ought  to  be  able  to  describe  the  experimental  arrangements 
necessary  to  the  production  of  primary,  secondary,  tertisry,  and  currents 
of  higher  order  by  the  discharge  of  the  electric  battery. 

He  must  understand  the  law  of  inverse  squares  as  applied  to  electricity, 
and  clearly  comprehend  its  limitations. 

The  diinmal  variation  of  atmospheric  electricity  ought  to  be  known  to 
tiiepupil. 

liie  implication  of  the  unit  jar  in  the  measurement  of  electric  charges 
oujEj^t  to  oe  known  to  the  pupil. 

The  terms  quantity  and  intensity  (or  as  it  is  called  by  some  density) 
as  applied  to  electricitv  ought  to  be  clearly  understood.  The  relation 
of  the  heating  power  of  an  electric  discharge  to  its  quantity  and  inten- 
sity ought  also  to  be  known  to  the  pupil. 

Voltaic  Electricity. 

The  more  advanced  punil  must  be  intimately  acquainted  with  the 
sahjecU  mentioned  in  the  first  course. 

To  the  dectro-magnetical  knowledge  there  demanded  he  is  to  add 
the  knoiriedge  of  determining  the  strength  of  a  cumnt  by  the  deflection 
of  a  magnetic  needle. 

He  ought  also  to  be  able  to  determine  the  relative  strength  of  two 
cments  by  their  chemical  action. 

He  ought  to  know  how  the  magnetism  of  a  bar  of  h^n  augments  in 
intsnaitf  as  the  onnents  which  surround  it  augments  in  strength. 

He  ought  to  know  how  the  attraction  of  iron  by  an  electro-magnet 
augments  as  the  exciting  current  is  augmented.  In  this  case  he  ought 
to  see  and  be  able  to  describe  the  difference  between  a  piece  of  soft  iron 
and  a  piece  of  exceedingly  hard  magnetized  sted. 

He  ought  to  be  acquainted  with  induced  currents,  their  various  modes 
of  generation,  and  their  laws  of  action. 

He  ought  to  be  able  to  explain  the  ordinary  madical  magneto-electric 
coil.    He  ought  also  to  be  able  to  describe  KuhmkcriTs  cofl,  and  some  ^ 
of  the  effects  obtainable  by  it. 

He  ought  to  be  able  to  sketch  a  current  reverser. 

He  ought  to  understand  the  principles  of  the  astatic  needle. 

He  ought  to  be  able  to  descnoe  the  phenomena  of  the  extra-current. 

He  ought  to  be  made  acquainted  with  the  mutual  action  of  cuirents 
upon  earn  other,  with  the  attractions  and  repulsions  which  are  dependent 
upon  direction. 
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He  ought  to  knonr  hoir  ft  ceO.  of  coppw  wire  ixnrbe  ifitpended  so  tiiftfe 

when  a  current  flows  through  the  wire  ih  BhaU>  lika  a  magnetio  needle, 
obey  the  directive  action  ofthe  earth. 

He  ought  to  be  acquainted  with  the  principles  of  electro-plating, 
adding  to  a  knowledge  of  the  decomposition  of  water  a  knowledge  of 
other  decompositions,  by  wiodL  ooaducting  soxfaeea  may  be  coated  wHh 
copper,  silver,  or  gold. 

He  ouffht  also  to  be  made  acquainted  with  the  chemical  actions  that 
occur  within  a  voltaic  cell  when  tne  current  circulates. 

The  arrangement  of  eelLi  into  batteries  ought  to  be  described.  The 
pupil  ought  to  be  made  acquainted  with  the  pile  of  Volta  and  the 
eroum  of  cups.  He  ought  also  to  have  explained,  to  him  the  battery  of 
Grove. 

The  reason  for  employing  two  fluids  in  the  cells  of  this  battery  ou^t 
to  be  explained. 

The  oependence  of  the  heat  generated  on  the  resistance  ov«iooiiiifl  by 
the  current  ought  to  be  made  known.  He  ought  to  be  taught  to  form 
as  definite  a  conception  aa  possible  of  resistance  in  rdation  to  elootro*^ 
motive  f(»oe,  and  to  understand  the  formula  ni^iioh  expresses  ti»  Hfttifflti 
of  heat,  resistance^  and  cunant  strengtii. 

He  ought  to  understand  the  the(»y  of  molecular  ounentay  and  to  be 
able  to  apply  this  theoiy  in  explanation  of  the  phenomena  of  magaetiam. 

Examination  for  Honours. 

A  candidate  who  enters  the  honours  examination  must  be  intimately 
acquainted  with  the  foregoing  two  courses  in  magnetism.  In  addition 
to  this  he  must  be  able  to  show  that  he  has  a  competent  practical  know- 
ledge of  the  apparatus  employed.  He  must  show  ability  m  devising  and' 
executing  experiments,  and  ought  to  be  able  in  the  presence!  of  the 
examiner  to  perform  experiments  illustrative  of  any  or  aU  of  the  subjects 
introduced  in  the  foregoing  two  courses. 

Fiictional  Electricity. 

The  candidate  ought  also  to  know  the  facts  and  prindples  of  dl*- 
magnetism.  He  ought  also  to  be  able  to  describe  and  expLaia  the 
deportment  of  aystalline  bodies  between  the  poles  of  a  magnet. 

In  fiictional  electridtr,  besides  an  intimate  acquaintance  with  both  ef 
tiie  foregoiDg  courses,  the  candidate  must  possess  a  competent  pnotiad 
knowledge  of  the  apparatus  employed.  He  must  be  aUe  to  devise  aad 
execute  eroeriments  in  the  examiner's  presence.  He  mwst  be  intimatelT 
a^uainted  with  the  experiments  with  a  rotating  mirror  hy  whY^ 
T^Theatstone  determined  the  veLodty  of  eleotrioi^  and  the  duration  of 
the  electric  spark. 

Voltaic  Electricity. 

Besides  bemg  intimately  acquainted  with  the  two  forgoing  oowmb, 
the  candidate  must  have  a  practical  acquaintance  with  the  apparatus 
employed  in  voltaic  electiioity. 

He  must  be  intimately  acquainted  with  the  laws  of  Ohm  which  expias 
the  rehttion  of  electro-motive  force,  internal  and  external  yAfffr^wnfefand 
current  strength.  ' 

He  must  be  able  to  apply  the  principles  of  the  dynamical  theory  of 
heat  to  the  heat  phenomena  of  the  voltaic  current.  He  must  be  dleaiiy 
infonned  as  to  the  manner  in  which  the  heat  is  diatribttted  within  aitd 
without  the  batteiy. 
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Am  a  text  book»  in  addition  to  the  woiiki  on  Fliynflf  and  Nitaiil 
FUOoeop^f  iMommded  in  the  ^Ual^us  of  Sobjeot  VUL,  the  foUow- 
iDg  wofk  on  Electrici^  may  h#  UMd 

MlntntU^M  hj  B»  M*  Feiguson^  12mo.»  Sf. 

(Edinhuigh,  Chamben,  1866.) 


SUBJECT  X.-INORCANIC  CHEMISTRY. 

FiBST  SriLU  OB  Elxmbntaby  Coubak. 

PnpilB  pxesenting  themselves  for  examination  will  be  expected  to 
possess  a  knowledge  of  the  following  subjects : — 

Definition  of  chemistry.  Simple  and  compound  matter.  Diflbrent 
modes  of  chemical  action.  Combining  weights.  Volume  weights, 
ndndples  of  chemical  nomenclature.  STmbolio  notation.  Graphic 
notation.  Chemical  formulae.  Chemical  equations.  Atomidfj  of 
elements.  Simple  and  compound  radicals.  Definition  of  a  compound 
ladicaL  Classification  of  elements  into  metals  and  non-metals,  into 
cblarouB  and  basylous  elements.   Classification  according  to  atomicity. 

French  and  English  systems  of  weights  and  measures.  Conversion  of 
English  into  French  weights  and  measures.   The  crith  and  its  uses. 

Hyrfwyca. — ^Iti  piepamfeion  and  ptoperties. 

Cborfae. — Frenaration  of  chlorine  from  hydroehlorie  add.  Analyaa 
and  sjynftiicais  of  nydioohlonc  aoid.  Properties  and  reactions  of  hyoro- 
rhlifw^  acid. 

Qisypea. — ^Its  preparation  and  properties.  Alloiropie  oxygen  or 
ooBoe.  Formation  and  reactions  of  water,  nreparation  and  properties 
of  hydretayL   Oxides  and  oxacids  of  chlorine. 

MtNi.—-How  it  occurs  in  nature.  Its  aUofaropio  modifications.  Boria 
anbydride.    Borie  adds. 

GBr&oa.-^ltB  preparation  and  aUotropie  forms.  Preparation  and 
properties  of  carbomo  oxide  and  carbonic  anhydride. 

Nitrogen. — ^Its  pmaration  and  properties.  Oxides  uid  oxacids  of 
futeogvu  Gompoand  of  nitrogen  with  hydrogen.  Aminonia.  AnmuH 
nic  si^ 

Sulphur, — Its  properties  and  allotropic  modifications.  Compounds  of 
snlpliiir  wHh  basykms  elfsnaats.  Compounds  of  sulphur  wm  Wf^m 
ana  hydroxyL 

Sboond  Stags  or  Advancxd  Coursx. 

In  addition  to  the  above  subjects,  pupils  presenting  themselvea  for 
the  advanced  examination  will  be  assumed  to  have  reoeived  instmctian 
in  tba  following : — 

Hieory  of  atoms  and  molecules.  Empirical,  rational,  and  oenstita* 
tioaaL  fonnulse.  Absolute*  latent,  and  active  atomidty.  Atomic  and 
molecular  combination. 

Expansion  of  gases  by  heat.  Reduction  of  gaseous  volumes  to  standard 
pressure  and  temperatiue. 

JlbaniiMstiire  of  hydrodilorie»  nitrio  and  sulphuric  acids.  Compon- 
tion  and  manufacture  of  bleaching  powder.  Theory  of  bleaehing. 
Suitability  of  water  for  domestic  purposes.  Causes  of  permanent  and 
tempoiaiy  hardness  in  water. 

Brtmimt. — Uvdrobromio  and  broaic  add. 

IsfiKBe.— Hy<&iodiCy  iodic,  and  peviodic  add. 
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FbortJie.— Hydrofluoric  aoid. 

'8iUeim,^Si!^ctk,  Silioio  aoid.  Silido  hydride.  Nanm  and  fonniilfle 
of  Bome  of  the  more  important  silicious  minerals. 

Phosphorus, —  Phospn«retted  hydrogen.  Acids  and  anhydrides  of 
phosphoms. 

Arseme, — ^Arsenioos  and  arsenic  acids.  Arseniuretted  hydrogen* 
Detection  of  arsenic. 

Antimony  and  jBtfmii/A.~Rrepsmtu)n  and  properties  of  their  duef 
compounds. 

The  monad  metals,  espedally  potassium,  sodium,  and  silTer.  l^anu- 
fiscture  of  soda-ash. 

The  dyad  metals.  Barium,  strontium,  caldum,  magnesium,  sine, 
cadmium,  mercury,  and  copper. 

The  chief  properties  of  the  following  metals: — Gold,  aluminium, 
platinum,  lead,  chromium,  manganese,  iron,  cobalt,  and  nickel. 

Composition,  preparation  and  properties  of  the  more  important  com- 
pounds of  these  metals. 

Outline  of  qualitative  analysis.  Reactions  of  the  principal  mineral 
adds  and  bases.  Course  pursued  in  the  application  of  these  reactions  to 
the  analysis  of  a  mixture  of  several  adds  and  bases. 

Examination  for  Honours. 

In  addition  to  the  above,  candidates  are  expeoted  to  possess  a  know- 
le%e  of  the  following  subjects : — 

tiieory  of  normal,  acid,  and  basic  salts.  Constitutional  formulsa  of 
the  various  acids  of  phosphorus.    Monatomic  and  polyatomic  molecules. 

The  phenomena  of  combustion. — ^Thermal  imits.  Absolute  theimal 
efifect,  or  total  amount  of  heat  evolved  by  various  kinds  of  fod  and 
other  combustibles.  Pyrometric  thermal  eff^t,  or  intensity  of  heat 
evolved  by  combustibles.  Translation  61  absolute  thermal  effect  into 
its  mechanical  equivalent.  Theory  of  flame.  Source  of  %ht  in 
luminous  flames.  Spectrum  analysis,  its  prindples  and  apptications. 
Rdations  of  specific  heat  to  atomic  wdght. 

The  law  of  the  diffusion  of  gases.  T^e  laws  of  electrolysis.  The  pro- 
cesses used  in  the  quantitative  analysis  of  the  more  commonly  occurring 
minerals. 

For  preparation  for  examination  in  the  above  syllabus,  the  fbUowing 
works  are  recommended  as  text  books  : — 

Lecture  Notes  for  Chemical  Students,  by  E.  Fhmkland,  8vo.,  12*. 

(London,  Van  Voorst,  1866.) 
First  Principles  of  Modem  Chemistry,  by  U.  J.  Kay-Shuttleworth, 
8vo.,  4*.  ed,  (London,  ChurchiU,  1868.) 

Introduction  to  Modem  Chemistry,  by  A.  W.  Hofmann,  8vo.,  4s.  6d, 

(London,  Walton,  1865.) 
First  Step  in  Chemistry,  by  R.  Galloway,  12mo.,  6s,  6d, 

(London,  Churchill,  4th  ed.,  1868.) 
Lessons  in  Elementary  Chemistry,  by  H.  E.  Roscoe,  18mo.,  4s.  6df. 

(London,  Macmillan,  new  ed.,  1867.) 

For  the  advanced  course  the  following  may  be  used  in  addition  to  Che 
above:— 

Chemistry,  Inorganic  and  Organic,  by  C.  L.  Bloxam,  8vo.,  16s. 

(London,  Churchill,  1867.) 
Manual  of  Elementary  Chemistry,  by  6.  Fownes,  12mo.,  12s.  Sd. 

(London,  Churchill,  9th  ed.,  1863.) 
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SlemenU  oflnorgmie  CkemUtry,  hv  W.  A.  Milkr,  8ro.,  2ls. 

(London,  Longman,  drd  ed.,  1864.) 
Chemstryfor  Students,  by  A.  W.  WilliamBon,  12mo.,  7s.  6d. 

(London,  MacmilUii,  1865.) 
Omditaiwe  Analysis,  by  R.  Galloway,  8vo.,  69.  6d. 

(London,  Chuiohm,  5ih  ed.,  1869.) 

BoBdn  theea  woiks  the  foilowing  an  raoonunended  for  reading  for 
lionoiUB 

Second  Step  m  Chemistry,  by  R.  Galloway,  12mo.,  lOt. 

(London,  Churdiill,  1863.) 
Ckemieal  Physics,  by  W.  A.  Mfller,  8vo.,  I5s. 

(London,  Longman,  4tb  ed.,  1867.) 
Dtetionary  of  Chemistry,  and  the  Allied  Branches,  by  H.  Watts,  in  four 
Vols.,  8vo.,  1st  Vol.,  31*.  6d.,  2nd  Vol.,  26s.,  3rd  Vol.,  31s.  6d., 
VoL,  24s.  (London,  Longman,  1863-66.) 

Slementary  Treatise  on  Heat,  by  Balfour  Stewart,  12mo.,  7s.  6d. 

(London,  MacmiUan,  1866.) 
Heat  considered  as  a  Mode  of  Motion,  by  J.  Tyndall,  870.,  12s.  6d. 

(London,  Longman,  2nd  ed.,  1866.) 


SUBJECT  XL— ORQANtC  CHEMISTRY. 

FiBST  Stags  or  Elbmbntart  Coursb. 

Popils  presenting  themselyes  for  examination  will  be  expected  to 
possess  a  knowledge  of  the  following  subjects 

Definition  of  organic  bodies;  their  ultimate  analysis.  CalculBtion 
of  empirical  formulse.  Compoun  d  organic  radicals.  >i  otation  of  organic 
compounds.   Graphic  and  symbolic  formulse. 

Organic  Badicals, — Basylous  or  positiye  radicals.  Preparation  and 
pRMwrties  of  the  monad  radicals  of  the  methyl  series.  Monad  radicals 
of  i»e  ymyl  and  phenyl  series. 

Dyad  basylous  radicals  of  the  ethylene  series.  Preparation  and 
properties  of  ethylene. 

Gfaktoas  or  negatiye  radicals.  Cyanogen.  Ozatyl.  Oxalic  add, 
its  preparation  and  properties. 

Hydrides  of  the  Onanic  Radicals^ — Methylio  hydride  or  marsh  gas. 
Puaffin.  Benaol.  Uyanio  hydride  or  hydroqranic  acid.  Oxatylio 
hydride  or  formic  acid. 

Ute  Alcohols, — Definition  of  an  alcohol.  Methylic  alcohol.  Eihylic 
or  eominon  alcohol.   Phenylio  alcohol  or  carbolic  acid. 

71s  Ethers. —  PefinHion.  Preparation  and  properties  of  ethylic 
e&er. 

Tike  HfMd  Ethers.-^thear  oonstiiution.  Preparation  and  properties 
of  eUiylie  chloride  and  iodide. 

Tie  Aldehydes.-^TheoT  nature  and  properties.  Acetic  aldehyde. 
Benzoic  aldehyde  or  oil  of  bitter  almonds. 

The  Acids, — ^Definition  of  an  organic  add.  Acetic  add.  Lactic  add, 
Bensoioadd. 

Ethereal  Salls.-*-Definition  and  constitution  of  the  ethereal  salts  of 
the  mCTiobasTC  adds.  Preparation  and  properties  of  acetic  ether  and 
butyxie  eiher* 
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In  Addition  to  the  above  subjects,  students  presenting  themselyes  for 
this  examination  will  be  ac^smned  to  be  Bcquaurtod  wHii  we  following  :— 

DetennhiBtion  of  the  rational  formnlse  of  organic  acids  and  bases. 
Grapbic  and  symbolic  types  of  organic  compounds.  Reduction  and. 
devdopment  of  the  fonnulse  of  organic  bodies*  dassifloation  of 
organic  compounds. 

Organic  Radioals. — ^Dyad  basylous  radicals  of  the  acaWlene  Mries. 
Singie  and  double  cyanides.  Manufacture  of  prussian  blue  and  of 
ozsJic  acid. 

Hydrides  of  the  Organic  Radicals, — ^Ethylic  and  amylic  hydrides. 
Hycuides  of  the  radicals  of  the  phenyl  series.   Mann&ctujre  of  ooal-^oas. 

The  Alcohols, — Classification,  preparation  and  properties  of  aloonols 
1.  Monacid  alcohols;  methyl  series,  vinyl  series,  aUyl  series,  phenyl 
series.  2.  Diacid  alcohols  or  glycols;  ethylic  glycol  and  its  derivatives. 
3.  Triacid  alcohols ;  fflyoerin,  its  preparation  and  properties. 

The  lathers. — 1.  Ethers  of  the  m<Hiacid  alcohols; — ^methylic  ether, 
allelic  ether,  phenylic  ether.  2.  Ethers  of  the  diacid  alcohols ethylenic 
oxide.   3.  Ethers  of  the  triacid  alcohols ; — ^fflyoylic  ether. 

The  Haloid  Ethers, — Haloid  ethers  of  the  monad,  dyad,  and  triad 

Sositive  radicals.  Methylic  chloride.  Manufacture  of  chlorofonn. 
Ithylenic  bromide. 

ilie  AUehifdes.-^FonaAtioa  Bnd  iMctiofis  of  the  skiehydes  of  the 
methyl,  vinyl,  and  phenyl  series  of  alcohols. 
The  Acids, — Law  of  basicity  of  organic  acids. 

Monobasic  acids: — ^Acetic  or  fMy  series.  Actylie  or  oleic  series, 
liactic  series.  F^vic  series.  Glyoxylic  series.  Benzoic  or  aromatic 
series. 

Dibasic  acids  : — Succinic  series.  Tumaric  or  acryloid  series.  Sialic 
or  lactoid  series.   Tartaric  or  glyoxyloid  series. 

The  Anhydrides, — Definition  and  constitution  of  the  anhydrides. 
Formation  and  re-actions  of  the  anhydrides  of  monohydric  monobasic 
acids,  dihydric  monobasic  adds,  and  of  dihjdric  dibasic  adds. 

The  Ketones, — ^Derivation  and  constitution  of  the  ketones.  Frapan^ 
tion  and  properties  of  acetone. 

Ethereal  Salts, — ^Ethereal  salts  of  dibasic  and  tribasio  adds,  uid  of 
monadd,  diacid,  and  triadd  alcohols. 

Organic  Compounds  containing  Nitrogen,  Phosphorvs,  Arsemc  and 
Antimony. — ^The  more  important  natural  and  artincial  alkaloids.  Ez- 
tmetisn  of  quinine  from  cmehona  bark. 

Organometallic  Bodies, — Definiti<m.  Their  behaviour  and  formation. 
Preparation  and  properties  of  zindc  ethide,  meroorie  etbide  ttid  itsnziie 
.eihide. 

Examination  for  Hokoubs. 

In  addition  to  the  above,  the  candidate  should  be  wall  aoqiflsnted 

with  the  following  subjects : — 

Determination  of  tne  specific  gravity  of  gases  and  vapours.  The 
methods  employed  in  the  analysis  of  gaseous  organic  bodies.  Synthesis 
of  organic  compounds.  Determination  of  the  constitutional  formiihe  of 
organic  bodies.  Isomerism,  metamerism  aod  polymerism  in  or|;anio 
bodies. 

Organic  TZaeiScarl^.— Normal,  'Secondary,  and 'teriaair  monad  ra&als. 
Isomerism  of  ethylene  and  ethylidene  romponnds.  Rdations  betwe^ 
methyl,  ozatyl  and  cyanogen. 

Digitized  byGoOglC 


95 

l^MdSflv  of  the  Chmide  Hodfealf.— Aelsiiona  of  ibe  Iwuiyloua  monad 
ndaeab  to  tneir  liydriM. 

fie  Alcohols, — ^RdatiooB  of  fhe  normal  monacid  alcohols  to  ibe 
monad  CH^^^i  radicals,  tiie  djad  CaHs,  radxcals,  and  to  the  hydrides 
of  the  G.  Ha.+i  radicals. 

SeoondaiT  monadd  alcohols.  IsopropyKc,  paeadamyHc  and  psendo- 
lierrtie  alooools. 

Tdtiarr  monacid  alcohols.   FteudobntrHc  alcohol. 

Koranl  and  secondai^  alcohols  of  the  pnenyl  series. 

Bchtoms  of  ^  glycerin  to  isopropjlic  and  alljfio  alcohol ;  dao  to 
gijreeric,  tarteonic,  and  acrjlic  acid. 

Oilier  polyadd  alcohols : — Erythrite,  mannite,  glaeose. 

The  Acids. — Difference  between  hydridty  and  Insioity  of  acids. 

l^oimaly  secondary,  and  tertiary  fatty  acids.  Relations  of  the  fitty 
mdds  to  the  €%H|.i.i  series  of  raoicals,  and  to  the  C.Hs.4.iHo  series  of 
aloohob.   Rdataons  of  the  £atty  acids  to  each  other;  ascent  of  Hie 


Normal,  secondary,  and  okfine  acids  of  the  aoyEe  or  ddc  series. 
BfllaftwDB  of  the  acrylK;  to  the  acetic  series  of  acids. 

Definition  and  dassiflcation  of  the  adds  bdonging  to  the  lactic  series 
Relations  of  the  lactic  to  the  fikttyand  aaylio  series  of  adds.  Isomerism 
in  Die  lactic  senes. 

Relations  of  the  pynmc  series  of  adds  to  the  ozafie  and  lactic  series. 

RdaAaoBS  of  the  glyozylic  series  of  «dds  to  the  glycerin  series  of 
alcohols. 

Constitution  and  classification  of  the  Phasic  adds.  Rdations  of  the 
snodnic  series  of  adds  to  the  lactic  and  acetic  series,  and  to  the  glycols. 

Isunieiisiu  in  the  ftmaric  series  of  dibasic  acids. 

Tntaric  or  glyozyloid  series  of  dibano  adds.  Tarieties  cf  tartvSo 
wid. 

Cousfitiition  and  dasslfication  of  the  teilMMnc  acids« 

f%e  Ketones, — ^Isomerism  in  the  ketone  famOr. 

Vrymdc  Ccmpomtds  eotUmmnff  Nitrogen,  Phosohorms,  Arsenic,  and 
AafMMmy.-— The  amines,  phosphines,  arsmes,  and  stibines.  Prhoaiy, 
veeondaiy,  and  tertiaiy  organic  bases.  Monamines,  diamines,  triamines, 
and  tetamines. 

OrgmumetaUic^  Bo(iif«.— Thdr  oonstitation  and  its  bearing  npon  the 
doctrines  of  atomid^. 

In  additicm  to  sndi  of  works  as  treat  on  Organks  Caiiiiiishj 
leconmiended  in  the  B^kbna  of  Sulqect  X.,  the  student's  attention  is 
drawn  to  the  Mlowing : — 

Elements  qf  Organic  Chemistry,  by  W.  A.  WSlet,  8to.,  24*. 

(London,  Longman,  drd  ed.,  1866.) 


SUBJBCT  Xfl.— QCOLOQY. 

EouKr  SxAQS  OB  Elemehtabt  CouBas. 

Air-VreUialMUT  8a1)il«ota. 

a.  Beam  of  GfeoJo^.— Definition  of  the  ohjeota  of  geology.  Waste  of 
land  now  gcnng  on  bymedianical  oaases, — rain,  running  water,  firdt, 
mow,  glaciers,  and  by  the  sea.  Orifftn  of  ronnded  pebbles,  ^pnins  of 
sand,  and  mad.  Semmenis  earned  m  meohanioal  suspension  m  rivM. 
Depodtion  of  strata  now  f ormmg  in  the  sea  and  in  lakes  iWmi  eefiments 
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fbnned  mechaoicaUT.  Other  strata  formed  in  part  or  entirely  of  organic 
remains,  and  how  thej  are  preserved.  Proof  tnat  stratified  rocka  gene- 
rally were  formed  by  dmoaition  from  water>  as  above>  and  that  strata 
have  been  successively  deposited  and  are  of  ages  less  or  more  apart. 
Definition  of  the  term  igneous  as  applied  to  rocks. 

b.  Common  Geological  terms. — Definition  of  crust  of  the  earth/'  day, 
sand,  ^vel,  shale,  sandstone,  conglomerate,  breccia,  limestone,  lava, 
volcanic  ashes,  stratum  or  bed,  a  formation,  group  of  formations.  Re- 
cent, Cainozoic  (tertiary),  Mesozoic  (secondary),  and  Palaeozoic  formations. 
Horizontal,  inclined,  vertical  strata.  AnticHnal  and  synclinal  curves. 
Contorted  strata,  dip,  strike,  outcrop,  a  basin.  Conformable  and  un- 
conformable stratification,  joint,  slaty  cleavage,  fault,  lode,  vein.  Names 
of  some  of  the  metamorphic  rocks. 

e.  Composition  of  principal  rocJes  and  their  common  minerals,-^ 
Minerals  that  form  granites  and  granitic  rocks;  Syenites,  Dioritea 
(greenstones).  Basalts,  Dolerite,  gneissic  rocks,  limestones.  Coal,  what 
originally  formed  from.    Colouring  matter  of  rocks. 

J.  Disintegration  and  Solutions,  —  Disintegration,  and  solutions  of 
minerals  composing  rocks  by  means  of  acids;  mineral  springs,  and 
substances  in  chemical  solution  in  rivers,  lakes,  and  the  sea.  How 
produced. 

e.  Snow  and  Ice, — How  glaciers  are  formed  from  snow.  Movement  of 
glaciers  and  transport  of  matter  on  their  surfaces.  Moraines.  Erosion 
of  rocks,  over  which  glaciers  flow.  Icebergs,  whence  derived.  Trans- 
port of  matter  from  cold  to  warmer  latitudes  by  icebergs. 

/.  Rivers, — Cutting  out  of  terraoes  and  vaUeys  by  rivers.  Transport 
of  material  seaward,  and  gradual  growth  of  Deltos. 

g.  Marine  Denudation^  Tranqtort  and  Consolidation  qf  Material  and 
FossiUzation, — Waste  of  sea  coasts  bv  breakers  and  by  help  of  landslips. 
Rounding  of  pebbles  and  grains  of  sand  on  shores  and  in  streams. 
The  effect  of  long  continued  marine  denudation  on  the  land ;  fbnnation 
of  bays  and  head-lands,  &c.  Distribution  of  sediments  derived  from  land 
oyer  sea  bottoms,  forming  modem  marine  strata.  ConsoUdation  of  strata 
by  pressure,  chemical  changes  and  heat.  Preservation  of  shells,  &c.,  in 
seas,  lakes,  and  delta  deposits,  in  alluvium,  and  in  and  under  peat,  Uown 
sand,  and  volcanic  ashes. 

h.  Central  Heat,  Volcanos,  Earthquakes,  and  other  Movements  of  the 
BartVs  Crust, — The  connexion  of  the  corals  reefs  of  the  Pacific  Ocean 
with  the  gradual  sinking  of  the  sea  bottom.  Fringing  reefs,  barrier 
rec^,  atolu.  Volcanos  and  their  connexion  with  some  areas  of  up- 
heaval of  land  above  the  sea.  Raised  beaches  and  sea  bottoms.  The 
structure  of  volcanos.  The  wave-like  motion  of  earthquakes.  General 
strocture  of  mountain  chains.  The  existence  of  so-called  cenixal  heat  in 
the  earth.  Change  of  commoii  strata,  such  as  shale  and  slate,  sand- 
stone, limestone,  &c.,  into  mica- schist,  gneiss,  quartz  rock,  dystalline 
limestone,  &c.  (metamorplusm). 

B. — Claasffloatlon  of  ilwlnml  ud  Vof etable  &Ub« 

f.  A  rodimentary  acquaintance  with  the  meaning  of  the  names  of 
those  CLASSES  of  animals  and  plants  that  are  or  may  be  found  fcMsil, 
such  as  Mammalia,  Aves  (birds),  Reptilia,  Pisces  (fish*),  Insecta,  Myria- 
poda  (centipeds,  &c.),  Arachnida  (spiders,  &c.)>  Crustacea  (crabs,  &c), 
Annelida  (worms,  &c.),  Eohinodermata  (sea-urchins,  starfish,  See), 
Cephalopoda  (cuttle-fishes,  &c.),  Pteropoda,  Pulmonata  (land  snaOs, 
&e,).  Gasteropoda  (periwinkles,  limpets,  &o.),  Conchifera  (oysters, 
oockleBa  &c.),  BrachioDoda  (terebratma,  &o.),  corals,  sponges.  The 
Vegetable  Kingdom :  the  names  of  the  classes  and  orders  of  pluits. 
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Sucoeflolon  of  StratSv  Ipieoiu  SookSv  ibOb 
C«— ValseoBolo  SertM. 

I,  Oldest  known  stata  or  the  Laurentian  rocks.  Their  metamorphic 
chancter.  Oldest  known  fossil.    Huronian  rocks  of  Canada. 

I,  QaMan  and  Silurian  strata, — Cambrian  rocks,  and  their  traces 
of  fosiils.  Lingula  flacks  and  Tremadoc  slates.  Llandeilo  and  Bala 
beds,  and  the  lavas  and  volcanic  ashes  associated  with  them.  Llan- 
doTzry  or  Pentamerus  beds.  Upper  Silurian  series.  Leading  kinds 
oi  foBsHs  common  in  these  formations,  such  as  the  genera  of  Grapto- 
liies,  ConJs,  Brachiopoda,  Conchifera,  Cephalopoda  (chambered  shells), 
Echinodomata,  Crustacea  (especially  the  Trilobites),  and  first  appear^ 
anoe  of  Mx  remains  and  land  plants. 

».  Old  Red  Sandstone  and  Devonian  strata.— The  areas  in  Britain 
that  fonned  land  before  the  deposition  of  the  Old  Red  Sandstone. 
Unconformities  of  Old  Red  Sandstone  on  older  rocks.  Division  into 
lower  tnd  upper  Old  Red  Sandstone  and  unconformity.  The  nature 
of  the  rocks.  The  fish  found  in  the  lower,  and  the  fish,  firesh- 
water  ahellfl  and  plants  in  the  upper  Old  Red  Sandstone.  Devonian 
j/fo/o.— Commonly  divided  into  lower,  middle,  and  upper.  Their  marine 
£uma,  corals,  shells  bivalve  and  unividve,  Goniatites  and  other  cephalo- 
poda, TrQobiteB,  &c.  Difference  between  the  Silurian  and  Devonian 
genen  aad  species.  H 

«.  Carbomferous  strata, — ^The  ordinary  succession  of  these  strata  in 
Wales  and  the  South  of  England  (See  also  parts  of  16  in  Advanced  Stage). 
He  kinds  of  corals,  shells,  and  fish  found  in  the  Carboniferous  Limestone, 
and  other  beds.  The  kind  of  sections  found  in  the  Coal-measures,  The 
Underday  generally  below  beds  of  coal.  How  coal  was  formed  from 
fbsailized  phmts.  How  there  came  to  be  many  beds  of  coal  in  one  coal- 
field with  beds  of  shale,  ironstone,  and  sandstone  between. 

0.  Permian  formations, — ^Their  succession  in  England  and  Germany, 
and  the  proofe  of  their  unconformity  on  the  Carbomferous  strata.  The 
Btmctore  of  the  Rothliegende  or  Brecciated  Conglomerates,  the  Marl- 
slate  or  Knpferschiefer,  the  Magnesian  limestone  (Zechstein).  Their 
fossils. 


S«— .Mesozoio  or  Seoondary  Series. 


LowsR  Mssozojc, 

p.  New  Red  Sandstone  or  Trias, — ^British  cUvisions :  1  st.  New  Red 
Sandstone  (Bunter);  2nd.  New  Red  Marie  (Keuper).  Continental 
divisions.  New  Red  Sandstone,  Muschelkalk,  New  Red  Marie.  Unoon-^ 
formity  on  Permian  and  older  rocks.  Great  changes  of  life  in  passing 
from  Palflpozoic  to  Mesozoic  times.  Change  in  'the  relative  numbers  of 
Bradiiopoda  and  Conchifera  when  compai«d  with  Palaeozoic  rocks,  and 
continaation  of  tiiis  down  to  present  day.  New  Cephalopoda,  encrinites, 
fish,  and  reptiles.  First  known  mammal.  Plants  of  the  Keuper  sand- 
stone, crnstacea,  reptiles,  &c.  Origin  of  rock*salt  bv  evaporation. 
Gypsimiof  red  marie.  Parts  of  what  is  now  the  British  Ishinds  that 
formed  land  before  the  deposition  of  the  Trias. 

q,  RktBtic  or  Penarth  6c<&.--<See  19,  p.  102.) 

r.  Ltos/orwft'onf  afu/Oo2t^e«.~( Jurassic  of  the  continent).  Division 
into  Lower,  Middle,  and  Upper  Lias,  and  Lower,  Middle,  and  Upper 
Oolites.  The  names  of  the  formations  included  in  each  of  these. 
CWacters  of  the  rocks.  Great  development  of  life  of  these  periods, 
leading  marine  fbssUs  of  the  Lias  and  land  plants  and  insects.  Common 
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genera  of  Brachiopoda  and  Conchifera,  Gasteropoda,  Cephalopoda, 
Echinodermata,  Fish,  and  Reptiles.  Leading  fossila  of  the  Oolite^  aa 
above,  and  also  Mammalia.  Proofs  of  land  in  the  neighbourhood  of  the 
British  Liassic,  and  Oolitic  seas.  ~  - 

8.  Purbeck  and  Wealden  «fra/a.— Their  cstuarine  character,  and  proofs 
of  this  the  fossils.  Generic  names  of  leading  fossils.  Proofs 
of  the  existence  of  a  neighbouring  large  continent. 

Uppeb.  Mssoeojc, 

t.  Cretaceous  series. — British  divisions,  Lower  and  tipper  and  their 
subdivisions.  The  nature  of  the  strata  and  general  grouping  of  fossih  (as 
in  r  above).  Differences  when  compared  with  Oohtic  genera  and  species. 
Uppermost  Cretaceous  beds  absent  in  Britain,  viz.  the  Maestricht  and 
Faxoe  beds  and  the  beds  of  Aix-la-Chapelle.   Account  of  these. 


B. — Calnoxolo  or  Tertiary  Series. 

tt.  Eocene  or  Lower  Tertiary, — Meaning  of  the  terms  Eocene,  Miocene, 
and  Pliocene.  Areas  occupied  b^  the  English  and  French  Eocelie 
strata,  and  divisions  of  the  English  Eocene  strata.  Their  fossils, 
fireshwater,  estuarine,  and  marine.  Proofs  of  neighbouring  land  in. 
freshwater  shells,  plants,  and  terrestrial  mammalia. 

t?.  Miocene  or  Middle  Tertiary  ^  of  Bovey-Tracey,  Mull,  &c.  French 
marine  strata  and  freshwater  and  volcanic  formations.  The  kinds  of 
fossils  they  contain.  The  Swiss,  Italian,  and  other  continental  beds. 
The  floras  oiF  the  period,  insects,  mammalia,  reptiles,  shells,  &c.  The 
Arctic  Miocene  beds,  and  flora.    Indian  Miocene  strata  and  their  fossils. 

w.  Post-Pliocene  strata.  Crag,  Sfc. — Divisions  of  the  British  CrtLg", 
characters,  and  fossils,  marine  and  terrestrial.  Economic  products. 
Crag  of  Belgium.  Proportions  of  recent  species  in  the  different 
members  of  the  Crag.    Sub-Appenine  strata  ana  those  of  Sicily. 

a?.  Glacial  period  and  other  strata  later  than  the  Crag. — ^Tiie  Fbrest 
beds  beneath  the  boulder  clay,  and  the  union  of  Britain  with  the  conti- 
nent, and  its  Flora,  terrestrial  Fauna,  and  shells.  (See  also  26,  p.  104.)  The 
glaciers  of  the  glacial  period,  before,  during,  and  after  the  deposition  of 
the  marine  boulder  clays.  The  origin  and  nature  of  the  boulder  clay. 
Other  proofs  of  a  cold  climate,  and  the  marine  and  terrestrial  Fauna 
of  the  period. 

Second  Stage  or  Advanced  Course. 
Am — ^Freltmlnary  Subjects  or  Principles. 

1.  All  contained  in  a  of  the  elementary  stage. 

2.  All  contained  in  b. 

3.  All  contained  in  e,  and  the  chemical  constituents  of  silica,  varioos 
felspars,  micas,  augite,  diallage,  hornblende,  garnet,  obsidian,  pitchstone, 
pumice.  Limestone,  Magnesian  limestones  or  Dolomite.  Cofus,  such  as 
common  house  and  furnace  coals,  cannel  coals,  and  anthracites,  hon 
ores.  The  colouring  matter  of  rocks.  The  general  relative  proportions 
in  the  known  crust  of  the  earth  of  mineral  substances,  such  aa  silica, 
alumina,  lime,  magnesia,  iron,  &c.,  &c. 

4.  Chemical  disiraegration.-^Chemicsl  disintegration  of  rodcs  on  a 
lai^e  scale;  formation  of  kaolin, fireclays  and  other  da^s* and > shales. 
Origin  of  mineral  springs,  and  substances  in  solution  in  nvers,  seas,  and 
other  waters.  Skeletons  of  shell  fish  and  other  marine  and  Drash  water 
animAls^  whence  derived,  and  how  strata  are  fonned  of  thes^. 
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5.  Effects  qf  snow  and  ice.  —  What  is  a  glacier,  and  bow  formed. 
GiaD^  of  snow  into  solid  ioe.  Stratification  and  vein^  structure  of 
ioe.  Inclinations  of  beds  and  surfaces  of  glaciers.  Why  glaciers  flow. 
Rates  of  progress.  Crevasses.  Moraines,  lateral,  medial,  terminal, 
and  hoir  thej  are  formed.  Eipsion  of  rocks  under  glaciers  and  its  results. 
Flow  of  water  from  lower  ends  of  fflaciers.  Destruction  of  terminal 
monines,  and  circumstances  that  induce  their  occasional  preservation. 
Oscillation  of  size  of  glaciers.  Deepening  of  valleys.  Signs  left  by 
gladera  that  have  disappeared.  Icebergs  of  Arctic  and  Antarctic  rey^ions 
and  of  Soutb  America ;  bow  formed.  Ocean  currents.  Transport  of 
matter  by  ioebe^s,  and  its  distribution  over  existing  sea  bottoms. 
Transport  of  detritus  by  coast  ice  and  river  ice. 

6.  Landslips, — Landslips  in  mountainous  and  billy  r^ons,  and  land- 
slips on  sea  coaats.  Their  effect  in  bringing  matter  wit^  the  influence 
of  miming  water  and  of  the  sea. 

/.  Rittrs. —  Erosive  and  transporting  power  of  brooks  and  rivers. 
Hieir  influence  in  forming  gorgea  and  valleys.  Origin  of  waterfalls. 
Amount  of  matter  carried  seaward  by  great  rivers  such  as  the  Nile,  the 
Ganges,  the  Mississippi,  &c.  The  mode  of  formation  and  gradual 
growth  of  deltas  and  their  possible  age.  Filling  up  of  lakes  by  sedi- 
ments. General  effects  on  the  form  of  the  ^und  and  lowering  of  level 
of  continental  and  smaller  areas  by  combined  effects  of  chemical  dis- 
integration, rain,  rivers,  frost,  snow,  and  glacier  ice. 

8.  Mgrme  denudation. — Waste  of  sea  coasts  by  breakers  and  land- 
slips. Formation  of  pebbles  and  sand  on  sea  coasts.  Amount  and  * 
nature  of  waste  of  boulder  clays  of  eastern  coasts  of  England,  &c. ; 
of  Tertiarjr  strata,  and  of  Cretaceous  and  Oolitic  strata  on  east  and 
south  coasta.  Waste  of  harder  rocks  of  west  of  England,  Wales, 
and  Scotland.  Power  of  breakers  in  moving  sand  and  shingle,  and 
large  blocks  of  stone.  Effect  of  prevalent  winds  on  waste  and  trans- 
port of  material  along  shores.  Silting  up  of  estuaries.  Effect  of  groins 
and  other  artificial  obstructions  on  coasts.  Warping  of  aUuviai  tidal 
flats.  Forms  of  sea  cliffs  and  origin  of  many  bays  and  headlands.  Origin 
of  Kreat  plains  of  marine  denudation  by  combined  action  of  breakers, 
landslips,  and  general  lowering  by  waste  of  the  interior  of  countries. 
Subsequent  upheaval  of  such  plains  and  renewed  scooping  out  of  valleys. 
Origin  of  certain  tablelands  and  their  valleys. 

9.  Distribution  of  Material  in  Sea,  SfC,  forming  Modem  Strata, — 
IVansport  of  matter  by  great  marine  currents,  passing  mouths  of  rivers 
and  a]ong  coasts.  Transporting  powers  of  tidal  currents.  Sifting  action 
of  the  sea  in  arranging  sediments  along  its  bottom.  Icebeigs  (see  6). 
Modem  formation  by  above  causes  of  beds  of  clay,  sand,  gravel,  and 
boulder  beds,  and  mixtures  of  these.  Volcanic  ashes  falling  in  sea  and 
l^es.  General  formation  of  lacustrine  strata.  Formation  of  beds  of 
limestone  by  organic  bodies  in  seas,  lakes,  and  lagoons.  Coral  reefs 
(see  10).  Salts  carried  in  solution  in  rivers  into  lakes,  evaporation  of 
snrplas  water,  concentration  and  precipitation.    Origin  of  rock  salt,  8cc. 

10.  Fossilieation  and  Consolidation  qf  Strata, — Shells  and  other  marine 
oiganic  remains  buried  in  sediments.  Also  terrestrial  plants.  Worm 
burrows.  Terrestrial  animals.  Organic  remains  in  lakes  and  river 
deltas,  m  alluvial  beds  and  brickearths;  in  and  under  peat*,  under 
blown  sand,  and  in  volcanic  ashes  and  under  lavas.  Formation  of 
Be<&nents  by  foraminiferae,  See,  in  deep  seas.  Consolidation  of  strata 
by  pressure,  infiltrations,  and  precipitations,  chemical  decomposition 
ud  reoomposition  and  heat. 

11.  Central  Heat,  Volcanos,  Earthquakes,  and  other  Movements  of  the 
^rtk^s  Crust,— Theory  of  Coral  Reefs.  Fringing  reefs.  Barrier  reefs, 
AtoUs,  and  proofs  of  gfradual  subsidence  of  the  sea  bottom.  Connexion 
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of  coral  reefs  with  the  volcanic  islands  of  the  Pacific  Ocean  and  areas  oT 
partiid  upheaval.  Upheaval  of  the  west  coast  of  South  America. 
Oscillations  of  level  on  the  coast  of  the  Baltic,  Greenland^  &c.  Raised 
beaches  and  sea  bottoms. 

Theories  of  central  heat  how  inferred.  Radiation  of  heat  from  the 
earth,  consolidation  and  theory  of  the  formation  and  shrinkage  of  its 
crust.  External  phenomena  of  volcanos,  and  theories  of  volcamc  action. 
Earthquakes.  Mallet's  theory,  and  oscillations  of  level  accompanying 
earthquakes. 

Metamorphism  of  rocks.  Theory  of  slaty  cleavafi^e,  passage  of  shales 
clayslate,  sandstone,  limestone,  and  their  mtermediate  gradations  into 
micarschist,  chlorite-schist,  various  kinds  of  gneissic  rocks,  quartz-rock, 
crystalline  limestones,  &c.  Special  development  of  distinct  minerala  in 
rocky  masses.  Relation  of  the  above  to  gradual  subsidence  of  rock 
masses  and  accumulation  of  strata  above  them.  Origin  of  mountain 
chains.  Disturbance  and  contortion  of  strata  in  successive  stages,  and 
probable  causes  of  these  phenomena. 

B. — ClsMlfieatloB  of  Animal  and  Vegretable  Xdfa. 

12.  All  contained  in  i  of  the  Elementary  stitf  e,  p.  96,  together  witb  a 
general  knowledge  of  the  orders  of  Mammalia,  Birds,  Reptiles,  Amphibia, 
Fish,  Insects,  &c.,  Crustacea,  Eohinodermata,  Cephalopoda,  Pteropoda, 
Pulmonata,  Gasteropoda,  Conchifera,  Brachiopoda,  Polyzoa,  Corals,  &c., 
and  the  classes  and  orders  of  the  vegetable  kingdom. 


Snooaeelon  of  Stratftf  Jgnwrnm  Bo6ka»  4U). 
C— Valeeoxolo  Series. 

13.  Laurentian  rocks  of  Scotland,  and  Lower  and  Upper  Laurentian 
rocks  of  Canada,  &c.  Huronian  rocks  of  Canada.  Their  metamorphic 
character  and  peculiarities  of  structure.  Eozoon  Canadense,  its  nature, 
structure,  and  mode  of  growth.  Ages  of  their  metamorphism,  and  the 
inferences  to  be  drawn  from  this. 

14.  Cambrian  and  Silurian  strata.  Cambrian  rocks  and  their  passage 
nto  the  Lingula  flag  series.  Fossils  of  the  Cambrian  rocks ;  their  slaty 
cleavage  and  slate  quarries. 

Lower  Silurian.— Lingula  flags,  their  lithological  character  and  fossils. 
Tremadoc  slates,  their  lithological  character  and  fossils.  Unconformity 
of  the  Uandeilo  and  Bala  beds  on  these,  and  break  in  the  succession  of 
life.  Uandeilo  and  Bala  beds,  their  lithological  character  and  fossils. 
The  igneous  rocks,  lavas,  ashes,  &c.  associated  with  these. 

Upper  Silurian. — Llandovery  or  Pentamerus  beds,  their  fossils  and 
unconformity  on  the  Lower  Silurian  strata,  and  partial  change  of  species. 
Remainder  of  the  Upper  Silurian  strata  of  the  Wenlock  and  Ludlow 
series,  their  characters  and  fossils.  First  appearance  of  fish.  Remains 
of  plants.  Reasonings  on  the  connexion  of  unconformable  stratification 
with  partial  or  total  breaks  in  the  succession  of  species  and  genera  in 
time.  (This  may  be  applied  to  idl  the  cases  of  unconformity  subse- 
quently noticed.) 

15.  Old  Red  Sandstone  and  Devonian  strata. — Passage  of  Upptf 
Silurian  into  Lower  Old  Red  Sandstone  in  Wales  and  on  its  bortes. 
Disappearance  of  the  life  of  the  Silurian  period.  The  land  that  existed 
in  Scandinavia  and  Britain  before  the  deposition  of  the  Old  Red  Sand- 
stone, and  round  and  on  which  the  Old  Red  beds  were  deposited.  Fish 
of  the  lower  Old  Red  Sandstone ;  their  distinctive  characters. 
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Upper  Old  Red  Sandstone. — Lithological  characters,  fifih,  shells,  and 
plants.  Unconfonnity  of  the  upper  on  the  lower  Old  Red  Sandstone, 
sad  approximate  or  actual  passage  of  the  former  into  the  Lower 
GarIx>niieroiis  strata.  Condition  of  the  waters  in  which  the  Old  Red 
Sandstone  fonnations  were  prohably  deposited.  If  partly  glacial^  and 
the  signs  of  this  7 

Dwmian  strata. — ^The  division  of  these  strata  commonly  made  into 
Lower,  Middle,  and  Upper  Devonian.  The  marked  difPerenoe  of  con- 
ditions of  deposit  shown  in  the  general  nature  of  their  fossils,  viz.,  the 
fiah  of  the  Old  Red  Sandstone,  and  the  Corals,  marine  bivalve  and 
mnralTe  shells.  Cephalopoda  and  Trilobites  of  the  Devonian  strata. 
Hie  stntigTaphical  relation  of  the  Devonian  strata  to  the  Silurian 
rocks  of  Devon  and  Cornwall,  of  Germany,  and  North  America. 
The  relatioQ  of  the  so-called  Upper  Devonian  beds  to  the  Carboniferous 
strata.  The  appearance  of  new  genera  and  species  in  the  Devonian 
rocks.  The  plants  of  the  North  American  beds. 

IS.  Carhoniferous  strata' — Succession  of  Carboniferoua  strata  in 
Wales,  and  its  borders,  and  the  south  of  England,  viz..  Lower 
limestone  shale.  Carboniferous  limestone,  Upper  limestone  shale, 
MillBtone  grit,  and  Coal-measures.  The  lithological  characters  of  these 
and  their  fossils,  marine,  freshwater,  and  terrestrial.  The  manner  in 
which  the  beds  below  the  Coal-meastires  were  accumulated.  The  manner 
of  the  formation  of  the  Coal-measures,  the  peculiar  strata  beneath 
cioh  (or  most)  beds  of  coal,  the  nature  of  the  plants  that  formed  the 
cosl,  their  mode  of  growth,  and  the  cause  of  the  succession  of 
beds  of  coal  in  thick  series  of  strata.  The  gradual  )>a8saffe  of  the 
Carbonifieroas  strata  into  a  set  of  beds  di£Perently  arranged  in  their 
stratification,  esperaally  in  their  lower  members,  proceeding  northwards 
tfaiouffh  Lancasnire  and  Yorkshire  into  Northumberland,  and  Scotland. 
The  physical  causes  that  produced  this  difference.  Also  the  absence  of 
certam  members  of  the  series  in  some  of  the  English,  and  in  part  of  the 
Scotch  coal  fields  and  the  physical  phenomena  that  caused  this  absence. 
The  Carboniferous  series  as  developed  in  Ireland.  The  Carboniferous 
roclia  of  the  continents  of  Europe  and  North  America.  Their  resem- 
blances to  those  of  the  British  islands ;  climate,  its  average  uniformity  in 
^«ee  and  time  during  this  epoch.  Thie  surface  areas  occupied  by  the 
European  Carboniferous  strata  now.  The  areas  where  they  may  be 
o?waded  under  newer  formations.  The  areas  where  originally  formed, 
rif.,  which  they  spread  over  before  reduced  to  their  present  limits  by 
denudation.  Th^  disturbances  of  the  Carboniferous  rocks,  and  the 
feaions  why  coal  fields  (like  parts  of  many  other  formations)  so  often  lie 

basins.  Various  kinds  of  coal,  such  as  the  varieties  of  coal  commonly 
^^Iled  tntominous,  cannel  coal,  and  anthracite.  The  chemical  changes 
thatrcffetation  underwent  in  its  passage  into  coal,  first  on  the  surface. 
Mid  afterwards  under  pressure.  The  passage  of  "bituminous"  into 
snthracite  coal  and  the  probable  reason,  and  the  connexion  of  this 
niM^  with  highly  disturbed  areas.  Specialties.  Development  of 
cnistacea  of  the  CarbonifSerous  rocks  as  distinguished  from  those  of  the 
IHvonian  and  Silurian  periods.  Prevalence  of  certain  genera  of 
brachiopoda  and  conchtfera,  and  relative  proportions  of  these  in  the 
C^bonifboas  rocks  when  compared  with  older  formations.  Fish  and 
Kptfles  of  the  Carboniferous  rocks.  Footprints,  rain  drops,  land  shells, 
Mid  insects,  and  what  they  indicate.  Ironstones.  Mineral  vdns  in 
^•ibomfcrous  hmeatone  aeries. 

U.  German  formations. — Succession  of  these  in  Britain,  Germany, 
sad  Roaaia.  Ist.  The  Rothliegende,  its  structure,  and  the  evidences  of 
^  glacial  agencies  by  which  parts  of  it  were  deposited.   2nd.  The 
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Kuperschiefer  of  Germany  and  Marie-slate  of  England,  with  minenl 
contents,  fish,  &c.  3rd.  The  Magnesian  limestone  (Zechstein),  its 
mineral  character  and  composition ;  its  fossils ;  evidence  of  their 
palceozoic  character,  partial  community  of  species,  and  numbers  and 
size  when  compared  with  the  genera  and  species  of  the  Carboniferous 
limestone.  Cause  of  this.  Unconformity  on  the  Carboniferous  and 
older  rocks ;  submersion  of  old  lands  during  its  deposition ;  bearing 
of  this  on  conglomeratic  and  brecciated  structure  of  the  Rothliegende 
and  the  general  development  of  the  life  of  the  period,  including  plants 
and  reptiles. 

a>. — ^BCesozolo  or  Seoondary  Series. 

Lowes  Mssojsoic. 

18.  Divisions  of  Trias,  or  New  Red  Sandstone  series  (seep,  p.  97). — 
Unconformity  and  great  break  in  succession  of  life  in  passing  from  Per- 
mian to  New  Red  Sandstone.  Great  development  of  conchifera  and 
decrease  of  genera  of  brachiopoda.  The  relation  of  this  to  lapse  of  time, 
as  shown  by  unconformity,  and  continued  prevalence  in  later  times  of 
many  of  these  early  Mesozoic  types.  The  generally  unfbssiliferons 
character  of  the  New  Red  Sandstone  beds  (Bunter),  and  their  minor  divi- 
sions in  England.  The  absence  in  England  of  the  Muschelkalk,  and  its 
presence  on  the  Continent.  Its  fossils  (see  p,  p.  97).  The  minor  divisions 
of  the  New  Red  Marie  (Keuper).  Its  fossil  plants  and  reptile  bones  and 
footprints.  Microlestes.  Run  drops.  The  rock  salt  of  this  formation, 
and  how  it  was  deposited.  Theoiy  of  inland  salt  lakes  or  seas  of  the 
the  present  day,  and  the  bearing  of  this  and  of  the  above-named  marics- 
of  rain  drops  and  footprints  on  the  point.  New  Red  Sandstone  of  the 
United  States,  and  numerous  footprmts  of  reptiles  and  impressions  of 
bird-like  feet.  Gvpsum.  Those  parts  of  the  British  islands  that  formed 
land  before  and  during  the  New  Red  Sandstone  period. 

19.  Rhatic  or  Penarth  Beds, — Intermediate  between  New  Red  Marie 
and  Lower  Lias.  Gradual  passage  of  nearly  unfossiliferous  red  marles 
into  these  more  fossiliferous  strata.  Character  and  names  of  some  of 
the  common  fossils,  each  as  Avicula  contorta,  Cardium  Rhteticum,  &c. 
Their  affinities  with  Liassic  forms  and  conformable  passage  into  that 
formation  in  Britain. 

20.  lAas  formations  and  Oolites.  (Jurassic  of  the  Continent). — Names 
of  the  several  formations  of  the  Lias  and  Oolites  between  the  Lower 
Lias  and  the  Portland  Oolite  in  serial  order,  and  their  grouping  into 
Lower,  Middle,  and  Upper  Lias  and  Oolite.  Lithologioal  characters  of  the 
Liassic  formations.  Fossils  of  the  different  formations.  Plants  and  insects. 
Corals,  brachiopoda,  conchifera,  gasteropoda,  cephalopoda,  echinodex* 
mata,  Crustacea,  fish,  and  reptiles.  The  distinctive  characters  of  some 
of  these,  their  relative  numbers  compared  with  the  same  classes  in  the 
Pakeozoic  rocks.  Nature  of  the  connexion  of  the  Lias  with  the 
Inlierior  Oolite.  Lithological  characters  of  the  Oolitic  formations  and. 
their  uses.  Marine  fossils  of  the  different  formations  of  the  above-named 
classes ;  also  mammalia.  Evidences  of  the  existence  of  older  land  in 
the  neighbourhood  of  the  Liassic  and  Oolitic  seas,  and  of  the  climate 
of  the  period  drawn  from  plants  and  animals.  Names  of  the  most 
characteristic  genera  of  Lias  and  Oolites,  especially  with  reference  to  their 
prevalence,  such  as  the  names  of  the  prevalent  genera  of  brachiopoda, 
conchifera,  gasteropoda,  and  cephalopooa,  echinodermata,  Crustacea,  fish, 
and  reptiles.  Jurassic  strata  of  the  Continents  of  Europe  and  Asia. 
The  Jura  and  the  Alps,  and  the  fossils  of  Solenhofen.  Disturbance  and 
xnetamorphism  of  Jurassic  strata.   Names  of  some  of  the  species  oharao- 
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tabtoc  of  80016  of  the  fomuitions,  and  extent  of  the  eommunity  of 
Bpedei.  Coninst  the  life  of  these  epochs  vith  sbnilar  deyelopments  in 
rthtoKte  epochs. 

21.  Purbtck  and  Wealden  strata. — ^Their  general  fresh-water  nature 
and  marine  interstratifications.  Extent  of  these  formations  in  England 
and  on  the  Continent.  Their  characters  and  thickness.  Fossils  of  the 
Poibeek  strata.  Hants,  land-insects,  mammalia,  fish,  reptiles,  univalve 
and  bi^alTe  shells,  and  Crustacea.  Fossils  of  the  Wealden  formations  as 
ibove.  Evidences  of  the  upheaval  of  extensive  continental  land  of  the 
period,  and  the  manner  in  which  the  Purheck  and  Wealden  beds  were 
deporited. 

Uppsn  Mesoeoic. 

22.  Cretaceous  series. — Description  of  the  British  divisions  and  sub- 
diTiooDS.  Thdr  lithological  cnaracters  and  passage  of  Weald  day 
into  Lover  Cretaceous  beds  in  the  Wealden  area  and  Isle  of  Wight, 
Foanls  of  the  formations  noticed  in  the  same  way  as  those  of  the  Otitic 
stntiL  The  Chalk,  by  what  organic  bodies  chiefly  formed.  Comparison 
irith  similar  deposits  forming  in  existing  oceans.  Nature  of  flints 
iatentratified  with  chalk,  and  vein  and  tabular  flints.  Resemblances 
and  differences  of  th^genera  and  species  of  the  Oolitic  and  Cretaceous 
epochs,  and  the  bearings  these  have  on  lapse  of  time  between  the 
depositioa  of  the  Portland  Oolite  and  the  commencement  of  the  Ather- 
fiddd&j.  Continental  Cretaceous  geology  generalljr.  Hippurite  lime- 
stone. Upper  Cretaceous  rocks  unknown  in  Britain.  Maestridit 
beds  and  Csalk  of  Fazoe  in  Zeeland,  Denmark.  Upper  Cretaceous  beds 
and  floia  of  Aix-la-Chapelle.  Cretaceous  strata  of  North  and  South 
imerica. 

a. — OainoBOlo  or  TertlaiT* 

23.  Eocene  or  Lower  Ter/tary.— Meaning  of  the  terms  Eocene,  Mio- 
cene, and  Pliocene  as  used  by  Sir  Charles  Lyell.  Grouping  of  greater 
divirions  and  subdivisions  of  the  English  and  French  strata  as  usually 
gWen  in  manuals.  Areas  occupied  by  the  English  and  French  Eocene 
Bttita.  Evidence  of  the  upheaval  of  the  Chalk  and  older  strata  of 
Western  Europe  before  the  Eocene  period.  Fossils  of  the  Thaaet  sand 
and  Wo^rich  and  Reading  beds,  of  the  London  clav,  Bagshot,  Brack- 
leaham,  and  Barton  beds,  and  of  the  Isle  of  Wight  and  Hampehopo:- 
stntafrnntiie  Headon  to  the  Hempstead  beds  inclusive;  via.,  plants, 
ftnminifira,  brachiopo(k»  conchifera,  and  gasteropoda,  maiinOy  estuar- 
rine^  and  fresh-water ;  cephalopoda,  echinodermata,  cimpedia,  crua- 
tscea,  fish,  reptiles,  birds,  and  mammalia.  The  evidence  shown  by  these 
of  fltt  manner  in  which  the  different  formations  or  parts  of  formations 
were  deposited ;  1st,  into  three  broad  divisions,  estuarine  and  fluvio- 
inarine  bdow ;  marine  in  the  middle ;  and  fresh  water,  estuarine  and 
floWo-marine  above.  Evidences  of  land  and  its  nature  drawn  from 
plants  and  from  mammalian  remains.  Plants  of  the  various  subdivisions, 
uidaasoeiation  of  plants  in  Hempstead  series  with  Eocene  shells  of  lower 
beds.  The  nummulitic  beds  of  England,  the  Continent  of  Europe, 
Ana,  and  Africa.  Evidences  of  climates  of  Eocene  times  as  indicated 
by  shells,  reptiles,  and  plants,  &c.  Original  extension  and  subsequent 
denudation  of  Ecwene  beds  in  Britain.   Denudation  of  the  Weald. 

,  Ifioeeae  or  Middle  Tertiary  strata.— BMBh  Miocene  strata  uid 
igneous  rocks.  Fossils  of  and  nature  of  the  strata.  French  marine 
ioA  ftesh-viAer  and  igneous  rocks.  Their  fossils  and  the  mammalia  of 
^  period.  Miocene  beds  of  the  Rhine,  Switzerland,  Bohemia,  and 
other  parte  of  the  ContLtient  of  Europe.   Their  divisions,  lithological 
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characters,  and  fossils.  The  Alps  and  other  lands  before  the  Miocene 
epoch,  and  the  manner  in  which  the  Swiss,  Italian,  and  other  Miocene 
rocks  were  deposited.  Theory  of  a  glacial  episode  during  Miocene  times. 
Mammalia.  The  Miocene  insects  and  flora,  especially  of  the  British^ 
Swiss,  Icelandic,  and  Arctic  regions.  Brown  coal  of  Engknd  and  the 
Continent.  Disturbances  of  the  Alps  and  Jura  before  and  after  the 
close  of  the  Miocene  epoch.  Miocene  rocks  of  India  and  the  Umted 
States  and  their  fossils. 

25.  Post-Pliocene  Strata,  Crag,  Sec. — (See  w,  p.  98)  and  in  addition 
proofs  of  Britain  having  been  joined  to  the  Continent  before  tiie  Crag 
epoch* 

26.  Glacial  period  and  other  Strata  later  than  the  Crag, — Old  land 
surfkce  of  Britain  later  than  the  Crag  and  Forest  beds.  Their  plants, 
mammaha,  and  shells.  The  Glacial  period.  Great  glaciers  before  the 
deposition  of  the  boulder  drift  in  the  northern  and  southern  hemi- 
spheres generally,  and  in  Switzerland  and  other  mountain  ranges  specially. 
The  signs  of  this.  Boulder  beds  and  arctic  shells.  Minor  glaciers  during 
and  a£er  the  deposition  of  the  boulder  beds.  Their  signs.  Erosion  of 
valleys  by  ancient  glaciers.  Theory  of  the  formation  of  rock-bound 
basins  by  glaciers  and  of  other  lakes  by  boulder  beds  and  eekers  or 
kaims.  General  nature  of  the  £ftuna  of  the  period.  Union  of  the 
British  islands  and  their  union  with  the  continent  before  and  after 
the  glacial  epoch.  Theories  of  the  causes  that  produce  this  gladal 
period  and  of  glacial  periods  in  general.  Volcanic  rocks  of  the  EifeL 
Loess  of  the  Rhine  and  other  rivers,  brick-earths,  river-gravels,  and 
alluvia  of  various  ages.  Mammalian  and  other  bones  in  these  in  Europe, 
Asia,  and  America.  Bone  caves  and  the  manner  of  the  preservation  of 
their  fossils.  Relics  of  man  and  his  works  in  caves,  river  deposits,  shdl 
moimds  of  Denmark,  &c.,  and  in  Swiss  and  other  lakes.  Contours  of 
ground  before  and  after  tlie  glacial  period.  Pre-glacial  and  post-glacial 
valleys. 

27.  Theories  that  have  been  proposed  to  explain  the  distribution  of 
life  in  individual  formations  and  throughout  the  wh<de  geological  series, 
or  the  origin,  increase,  distribution,  and  disappearance  of  specieB  and 
ffenera  commonly  so  called.  The  relations  of  the  life  of  successive 
formations  to  each  other  generally.  Relations  of  existing  faunas  and 
floras  of  the  world  to  those  of  Miocene,  Pliocence,  and  Post-pliocene 
age. 

28.  Water-bearing  strata  and  underground  drainage.  Artesian  and 
other  wells.  Rocks  in  which  ores  are  found,  and  mode  of  occurrence 
of  those  in  beds,  lodes,  and  superficial  detritus.  The  rules  that  ought 
to  guide  the  miner  in  sinking  for  coal  and  other  minerals,  when  the 
beds  in  which  they  lie  are  concealed  by  overlying  and  unconformable 
strata. 

Examination  for  Honours. 

In  addition  to  the  foregoing,  candidates  may  be  examined  in  any  sub- 
jects treated  of  in  standard  manuals  and  other  books  mentioned  below. 

The  following  may  be  used  as  text-books : — 

Principles  of  Geology,  by  Sir  C.  Lyell,  2  vols.,  8vo.,  32*. 

(London,  Murray,  10th  ed.,  1868.) 
Elements  of  Geology,  by  Sir  C.  Lyell,  8vo.,  18*. 

(London,  Murray,  6th  ed.,  1868.) 
The  Students  Manual  of  Geology,  by  J.  B.  Jukes,  8vo.,  \2s,  6d, 

(London,  Longman,  2nd  ed«,  1862.) 
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Seloof  Manmai  qf  Geology,  by  J.  B.  Jukes,  12nio.,  4m. 

(London,  Longnum,  1863.) 
htndutory  Textbook  of  Geology,  by  D.  Page,  8yo.,  2«. 

(Edinburgb,  Blackwood,  7th  ed.,  1867.) 
Adanetd  Text-hook  of  Geology,  by  D.  Page,  8vo.,  7*.  6d. 

(Edinburgb,  Blackwood,  4tb  ed.,  1867.) 
Phfnad  Qeograpky  and  Geology  qf  Great  Britain,  by  A.  C.  Ramsay, 
§To.,  Ss.  (London,  stamped,  2nd  ed.,  1864.) 

Popviar  Physical  Geology,  by  J.  B.  Jukes,  16mo.,  5s. 

(London,  Routledge,  1866.) 
Test-book  of  Geology,  by  J.  D.  Dana,  12mo.,  7*.  6rf. 

(Philadelphia,  1864.) 

ManMttl  of  Geology,  by  J.  D.  Dana,  8vo.,  2U.  (Philadelphia,  1863.) 
A  Hanibook  of  Geological  Terms,  by  D.  Page,  8vo.,  7«.  6rf. 

(Edinburgh,  Blackwood,  2nd  ed.,  1865.) 
Beeentand  Fossil  Shells,  by  S.  P.  Woodward  (Weale's  series),  18nio., 
5r.  (London,  Weale,  1851.) 

Ghttary  of  Mineralogy,  by  H,  Bristow,  8vo.,  65. 

(London,  Longman,  1867.) 

Giber  hooks  ihat  may  be  consulted : — 
SUmia,  by  Sir  R.  L  Murdiison,  8to.,  dOt. 

(London,  Murray,  4ih  ed.,  1867.) 
Oeologieal  Observer,  by  Sir  H.  De  la  Beehe,  8vo.,  18«. 

(London,  Longman,  1853.) 
Voysgepfa  Naturalist  rotmd  the  World,  by  C.  Darwin,  8vo.,  8f.  6d, 

(London,  Murray,  1845.) 
The  Origin  of  Species,  by  C.  Daiwin,  8vo.,  16». 

(London,  Murray,  new  ed.,  1866.) 
Cstalogne  of  British  Fossils,  by  J.  Morris,  8vo.,  lOs. 

(London,  Van  Voonrt,  18<ld.) 
Chart  qf  the  Characteristic  British  Tertiary  Fossils,  by  J.  W.  Lownr, 
momrted  on  linen,  \0s,  (London,  Stanfora.) 

Chart  af  the  Genera  of  Fossil  Crustacea,  by  J.  W.  Salter  and  H. 
Woodward,  mounted.  lOs.  6d.  (London,  Stanford.) 


SUBJECT  XIII^MINERALOQY.  . 

First  Stage  or  Elkmbntary  Course. 

A.  Instruction  in  this  subject  should  commence  with  a  distinct 
understanding  of  the  characters  and  circumstances  by  which  mineraJs, 
properly  so  odled,  are  to  be  distinguished  from  other  inorganic  sub- 
stances, and  of  the  position  of  this  science  in  relation  to  the  collateral 
sciences  of  physics,  chemistry,  and  geology.  Definitions  of  a  mineral, 
a  crystal,  and  of  the  conditions  termed  crystalline  and  amorphous. 
Occurrence  of  other  more  or  less  regular  forms  not  crystals.  Distinction 
of  compound  masses  or  mixtures  of  minerals. 

B.  Crystallography,  as  the  essential  means  of  appreciating  the  forms 
naturally  assumea,  under  favourable  conditions,  b^  almost  hH  inorganic 
bodies  of  definite  composition,  must  commence  with  the  needful  defini- 
tions ;  fincea,  edges,  and  soUd  angles ;  plane  figures  of  three,  four,  five, 
six,  and  eight  sides ;  the  names  and  chief  features  of  the  more  important 
geometriau  solid  figures  which  occur  among  crystals  $  the  object  of 
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referring  the  hjoea  to  systems  of  axes,  aad  the  various  dinictions  in 
which  these  may  be  pliu;^. 

Method  of  drawing  crystals  isometrically. 

Relation  of  the  hemihedral  to  holohednd  forms. 

The  grounds  for  groupinf^  the  various  crystal  fbrms  into  six  systems. 

Laws  by  which  the  denvation  of  one  form  from  another  within  the 
linuts  of  the  same  system  is  determined. 

Complex  or  modined  crystals  may  be  regarded  as  combinations  of  the 
faces  or  two  or  morie  simple  forms. 

The  leading  figures  of  the  six  systems  to  be  studied,  with  frequent 
practice  in  drawing. 

Twin  crystals  and  hemitropes;  the  relative  position  of  the  axes  of 
their  several  portions. 

Irregularities  to  which  the  surface  of  crystal  faces  is  subject,  certain 
anguhu*  elements  remaining  constant ;  measurement  of  these  latter  by 
instruments.  Principles  of  the  contact  goniometer  and  of  Wollaston's 
goniometer. 

C.  Aggregation,  or  natural  grouping  of— Istly,  the  distinctly  crystal- 
lized minerals ;  2ndly,  of  the  crystalline  minerals,  especially  with 
reference  to  structure  and  general  form  of  masses  of  the  useful  minerals 
and  of  crystalline  rocks. 

D.  Other  physicttl  propertiet.'^The  cleavage  of  crystallised  substances^ 
and  its  relation  to  crystalline  form.  Fracture,  its  various  characters. 
Comparative  hardness,  how  best  determined.  DifPerent  qualities  of 
tenacity.  Specific  gravity  of  solids,  how  determined;  the  balance,  tiie 
afasometer. 

Propertv  of  magnetism;  what  substances  are  capable  of  being' 
attracted  oy  a  magnet,  and  what  is  the  comparative  mtensiiy  of  the 
effect.    Polarity.  Influence  of  certain  minerals  dissemioated  in  rocks  on 
the  correctness  of  surveys. 

Peculiarities  of  smell  and  of  taste  which  dislinguish  a  limited  number 
of  minerals. 

£.  Optical  characters. — Single  and  double  refraction,  and  tibeir  rela- 
tion to  certain  crystallographical  systems. 
Different  degrees  of  lustre  and  transparency. 

Colour  essential  in  some  species,  not  so  in  others ;  varieties  of  colour, 
how  hx  they  are  capable  of  definition. 

Phosphorescence  as  produced  by  different  methods  and  exhibited  by 
certain  minerals. 

F.  Chemical  characters, — Simple  or  elementary  substances;  some  of 
them  occur  as  minerals  ;  their  symbols  and  the  derivation  of  the  same. 
Equivalents ;  chemical  combinations ;  principal  groups  of  these  occur- 
ring in  the  mineral  kingdom. 

Simorphism  of  particular  substances,  accompanied  by  a  difference  in 
other  physical  characters  besides  form. 

The  employment  of  acids  in  the  discrimination  of  minerals. 

The  blowpipe,  its  form  and  uses ;  the  reducing  and  the  oxidizing 
flames.  Trial  of  comparative  fusibility,  of  the  colour  given  to  the 
flame,  the  incrustation  on  charcoal ;  the  effects  of  fusing  various  metallic 
oxides  with  beads  of  borax  glass. 

Pseudomorphism. — ^The  phenomena  presented  by  minerals  which  have 
the  composition  of  one  mineral  coupled  with  the  form  of  another. 
Analogous  action  of  fossilization  or  petrifaction. 

0.  General  requirements  of  a  system  of  classification  of  minerals. 

H.  The  phvsiographv  or  systematic  description  of  minerals.  This 
last  division  should  indude  all  the  more  remarkable  varieties  fti  well  as 
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species,  and  shotild  take  especial  note  of  the  modes  and  places  of  oeoor- 
renoe,  as  well  as  of  the  association  of  particular  groups  of  minemls  hi 
certain  reins  or  formations. 

It  would  not  be  expected  that  the  elementary  course  should  include 
the  description  of  the  rarer  substances,  or  of  those  species  whose 
cbancten  are  not  jet  well  ascertained,  but  attention  should  chiefly  be 
given  to  those  species  which  form  the  constituents  of  rocks  and  those 
which  as  ores  supply  the  materials  for  the  production  of  the  useftil 
metals. 

Sbcond  Stage  or  Advanced  Course. 

A.  Discussion  of  the  relation  of  true  minerals  to  other  inorganic  sub- 
stances, and  how  far  bodies  of  organic  origin  may  be  classed  among 
minerals. 

B.  The  dependence  of  symmetry  in  crystal  forms  on  the  axial  system. 
The  GfystaUographical  value  of  a  fisce  is  the  same  as  that  of  any  plane 
parailfl  to  it,  on  the  same  side  of  the  centre  of  the  crystal.  Position  of 
the  normals  to  a  face.  The  methods  of  indicating  the  faces,  and  thence 
the  entire  forms  of  crystals  by  symbols.  Drawing  of  a  sphei^  of  pro* 
jection  in  which  the  poles  of  the  cr^rstal  faces  may  be  shown.  Con- 
venience of  representing  in  a  great  circle  the  poles  of  a  zone  of  faces. 
The  magnitude  of  the  angle  between  the  normals  being  the  supplement 
of  the  mutual  inclination  of  the  planes,  tiie  first  kind  of  measurement 
(i.e.  between  the  normals)  is  adopted  by  certain  authors,  and  is  easily 
Tedudble  iato  the  other  kind.  Statement  of  the  angular  and  linear 
dimeosions  requiriBg  to  be  determined  for  the  description  of  the  simple 
fonns  of  all  the  systems  after  the  cubical. 

Twin  oystals,  the  twin  plane,  and  twin  axes ;  examples  of  their  posi- 
tion in  important  minerals  of  the  several  systems.  - 

C.  Reticulated,  wiry,  and  capillary  forms,  explanations  suggested  for 
their  fonooation.   Other  peculiarities  in  grouping. 

D.  The  prevailing  directions  of  cleavage  in  the  sevetal  crystallographi- 
es ^rstems. 

Determination  of  the  specific  gravity  of  a  substance  contained  in  a 
niiechanical  mixture. 

Electricity;  by  what  means  this  property  is  exhibited  in  different 
ninenls. 

E.  Refraction  of  light ;  different  positions  of  the  ordinary  and  extra- 
ordinary ray  in  doubly-refracting  bodies.  Optic  axes  of  a  ciystal,  their 
variation  in  different  species  of  minerals. 

Pcdarized  light,  its  connexion  mth  double  refraction.  Construction 
of  the  polaiiscope. 

Dicnroism  and  pleochroism,  a  remarkable  property  of  some  few 
minerals. 

F.  Character  of  the  chemical  composition  of  the  more  complex 
minerals. 

The  electro-negative  elsment  in  chemical  combinations  has  the  pre- 
ponderating effect  in  influencing  the  external  character. 

Isomarpnism,  as  shown  by  Mitscherlich,  to  result  from  a  group  of — 
1st,  isomorphouB  acids ;  2nd,  of  isomorphous  bases.  Polyene  isomor- 
phism of  l^eerer;  its  meaning,  and  the  arguments  in  its  favour. 
Vicarious  or  izregular  replacement  among  one  another  of  isom<ffphoius 
ooDstituentf. 

'Desting'  of  mineraltf  in  the  moist  way  simply  praoticable  for  qualitatl^ 
purposes. 
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Treatment  of  varioiu  metallic  ores  before  the  blow-pipes. 

Pseudomorphous  substances  as  arranged  in  groups  according  to  tHe 
nature  and  degree  of  change  they  have  undergone. 

Discussion  of  anogenio  and  katogenic  pseudomorphs,  or  those  which 
have  been  produced  above  by  oxidizing,  and  below  by  reducing  pro- 
cesses respectively. 

Extension  of  pseudomorphous  action  on  a  large  scale  to gossans  " 
and  to  geological  formations. 

G.  Methods  of  classification  as  proposed  by  the  leading  authors  in 
mineralogy.  Review  of  the  difficulties  caused  in  classification  by  the 
occurrence  of  the  isomorphous  substances. 

Discussion  of  the  means  of  defining  a  species  among  minerals. 

H.  Species  and  varieties  of  minerals  as  described  in  the  best  manuals. 
Their  occurrence  under  various  circumstances  to  be  particularly  studied. 
The  changes  in  composition  wrought  by  nature  (pseudomorphous  action), 
by  which  one  species  is  converted  into  another,  and  the  essential  poin^ 
d  difference  between  species  much  alike  in  certain  characters,  will  be 
held  of  much  importance  in  dealing  with  the  minerals  of  special  value 
or  interest.  It  is  not  expected  that  the  memory  should  be  charged 
with  the  details  of  substances  of  very  rare  occurrence,  or  of  doubtful 
independence  as  species. 

Examination  for  Honours. 

The  questions  ^vill  as  a  general  rule  be  such  as  are  embraced  in  the 
above  syllabus,  but  candidates  will  be  required  to  prove  a  practical  ac- 
quaintance with  minerals  and  with  crystal  forms,  and  will  need  to  have 
studied  some  of  the  more  advanced  works  mentioned  below. 

As  text-books  may  be  recommended — 

Elementary  Course  of  Mineralogy  and  Gtoloay,  by  D.  T.  Ansted, 
8vo.,  125.  (London,  Van  Voorst,  1856.) 

Elements  of  Mineralogy ^  by  Jas.  Nicol,  12mo.,  6*. 

(London,  Longman,  new  ed.,  1853.) 
Manual  of  Mineralogy,  by  J.  D.  Dana,  8vo.,  Ts.  6d. 

(New  York,  new  ed.,  1860.) 
Glossary  qf  Mineralogy,  by  H.  W.  Bristow,  8vo.,  6s. 

(London,  Longman^  18670  - 

For  more  advanced  students — 

Elementary  Introduction  to  Mineralogy,  by  Brooke  and  Miller.  8vo. 
18«.  (London,  Simpkin,  1852.) 

Crystallography,  by  Rev.  W.  Mitchell,  in  Orr's  "  Circle  of  tke 
Sciences,"   8vo.   3s.  (London,  Griffin.) 

System  of  Mineralogy,  by  J.  D.  Dana,  8vo.,  36*. 

(New  York,  5th  ed.,  1868.) 
Elemente  der  Minerahgie,  von  C.  F.  Naumann,  8vo,  9^. 

(Leipzig,  Engelmann,  7th  ed.,  1868.) 
Paragenesis  der  Miueralien,  von.  A.  Breithaapt,  8vo.,  5^.  6d. 

(Freiberg,  Engelhardt,  1849.) 
Handbuch  der  Mineralogie,  von  W.Haidinger,  8vo., 

(Vienna,  Braumiiller,  new  ed.,  1865.) 
Manuel  de  Min&alogie,  par  Des  Cloiseaux,  Tome  I.,  8vo.,  I7s, 

(Paris,  Dunod,  1862.) 

Manual  of  the  Mineralogy  of  Qreat  Britain  and  Ireland,  by  Greg  and 
Lettsom,  8vo.,  IBs,  (London^  Van  Voorst.  1858.) 
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IHien  it  is  intended  to  teaoh  this  subject  with  speaal  reference  to  the 
pncM  working  of  minerals,  the  phyaiofftaphical  part  will  be  oooupied 
mora  puticularlj  with  certain  of  the  useml  species  and  their  associated 
8afa«tKioei>  and  the  following  works  may  be  consulted : — 

The  MdalUferous  DepotUt  of  Cornwall  and  Devon,  by  W.  J.  Henwood. 
1843. 

Bmikoft  Chemical  and  Pkjfiical  Geology,  translated  by  the  Cavendish 
Sodetj, 2  vols.,  8ro.,  2U  (London,  1854.) 


SUBJECT  XIV.— ANIMAL  PHYSIOLOGY. 

First  Stags  or  Elkmkntary  Course. 

Qnestions  wiU  be  confined  to  the  under-mentioned  topics. 

AnatonUeal  Prelimimaries, 
Tbe  gcnenl  build  of  the  human  body. 

/Ife  meaning  of  the  terms  skull,  vertebra,  rib,  sternum;  scapula, 
humerus,  radius,  ulna,  carpus,  metacarpus,  phalanges  (oi  the 
h^°);,pelTis,  femur,  tibia,  fibula,  tarsus,  metatarsus,  phalanges  (of  the 
uitttfument,  mucous  membrane,  connective  tissue,  tendon,  liga- 
JOmt,  cart^e,  muscle,  nerve. 

Tbe  position  in  the  body  and  the  general  form  and  size  of  the  follow- 
ing intemal  puts : — ^The  bndn  and  spinal  cord ;  the  pharynx,  the  gullet, 
stomach,  and  intestines ;  the  salivary  glands,  the  liver  and  pancreas ;  the 
posterior  naies,  the  larynx,  trachea,  and  lungs ;  the  kidneys  and  bladder; 
the  heart  and  the  great  vessels ;  the  thoracic  duct,  and  the  chief  lymphatic 
glands ;  the  spleen ;  the  diaphragm. 

Chemical  Preliminaries, 

The  composition  of  air,  water,  carbonic  acid,  and  ammonia. 

The  chemical  elements  of  which  protein,  fat,  and  sugar  are  composed. 

The  nature  of  the  most  important  mineral  compounds  which  are 
farmed  in  the  body. 

The  ultimate  chemical  products  of  the  decay  and  putrefaction  of  the 
dead  body. 

General  View  of  the  Body  in  Action, 

The  evidence  that  the  body  constantly  wastes  during  life ;  the  nature 
of  the  waste  products,  and  of  the  compensation  for  waste ;  the  essential 
cbancters  of  food  stuffs. 

The  part  played  hj  oxygen  in  the  economy. 

The  number,  position,  and  uses  of  the  sensory  organs. 

The  nature  of  cilia  and  the  movements  to  which  they  give  rise. 

The  physiological  properties  of  muscular  tissue.  The  modes  in  which 
muscles  give  rise  to  movements  and  sustain  the  body  in  the  erect 
posture. 

The  physiological  properties  of  nervous  tissue.  The  general  fiinctions 
of  the  brain  and  of  the  spinal  cord.   Local  and  general  death. 

Special  Physiology. 

The  circulatory  Organs.— The  arrangement  of  the  chambers  of  the 
heart  and  of  its  valves.  The  general  differences  between  arteries,  veins. 
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and  capiUaiiee.  The  course  of  the  circulation  of  the  blood  and  the 
.reasons  why  the  blood  moves  onl|^  in  one  direction.  The  meaning  of 
the  beat  of  the  hearty  of  the  pulfie  m  the  arteries,  afid  of  the  jet-like  flow 
of  blood  from  a  cut  artery.  The  evidence  of  the  circulation  obtainable  in 
the  living  body. 

The  Blood. — The  phenomena  presented  by  blood  drawn  from  the 
body.  The  general  nature  of  the  corpuscles  of  the  blood.  The  general 
composition  of  the  blood.   The  difference  between  blood  and  lymph. 

Respiration  and  other  processes  which  modify  the  condition  qf  the 
Blood, — ^The  obvious  differences  between  arterial  blood  and  venous 
blood.  How  venous  can  be  converted  into  arterial  blood  out  of  the  body. 
How  and  where  venous  is  converted  into  arterial  blood  in  the  body. 

How  the  air  which  leaves  the  lungs  differs  from  that  which  enters 
them.  The  general  nature  of  the  respiratorv  movements.  The  course 
of  the  air,  when  breathing  takes  place  through  the  nose.  The  conditions 
which  give  rise  to  asphy^xia. 

The  essential  composition  of  the  urine.  The  general  structure  of  the 
apparatus  by  which  its  separation  from  the  blood  is  effected. 

The  essential  composition  of  the  sweat.  The  general  structure  and 
functions  of  the  skin. 

The  manner  in  which  the  blood  enters  and  leaves  the  liver.  The  pro- 
ducts yielded  by  the  liver  to  the  blood  directly,  and  through  the  memum 
of  the  alimentary  canal.  The  chief  characters  of  the  bile.  The  use  of 
thegall-bladder. 

The  source  of  the  heat  of  the  body.  The  manner  in  which  the  tem- 
perature of  the  body  is  distributed  and  regulated. 

Alimentation, — ^The  quantify  of  dry  sohd  and  gaseous  aliments 
required  daily  by  an  adult  man.  The  classification  of  food  stuffs. .  The 
economy  of  a  nuxed  diet.  What  becomes  of  proteid,  fatty^  amyloid,  and 
mineral  food  stuffs  respectively.  The  nature  and  functions  of  the 
salivary,  gastric,  and  pancreatic  secretions.  The  manner  in  which 
nutritive  matters  are  absorbed,  and  innutritious  matters  excreted,  from 
the  alimentary  canal. 

Animal  Mechanics, — ^The  different  kinds  of  levers  and  their  exempli- 
fications in  the  body.  The  nature  of  joints,  with  examples  of  ball  and 
socket,  hinge  and  pivot-joints.  The  conditions  of  the  production  of  the 
voice.   The  difference  between  voice  and  speech. 

The  Senses  and  their  Organs, — The  general  structure  of  the  organ 
of  touch.  The  means  of  measuring  the  acuteness  of  the  sense  of  touch  in 
different  parts  of  the  body. 

The  general  structure  of  the  organs  of  taste  and  of  smelL  The  ex- 
ternal auditory  passage  and  the  tympanic  membrane.  The  tympanum 
and  how  it  opens  into  the  phaijnx.  The  chain  of  ear  bones  ana  their 
connection  on  the  one  hand  with  the  tympanic  membrane,  and  on  the 
other  with  the  membrane  of  the  fenestra  ovalis.  The  form  of  the  mem- 
branous labyrinth  and  of  the  cochlea.  The  nature  of  the  endolymph 
and  perilymph  and  of  the  otoconia.  The  relation  of  the  auditory  nerve 
to  the  labyrinth.  The  manner  in  which]  the  impact  of  sound-waves  on 
the  tympanic  membrane  affects  the  auditory  nerve. 

The  eyelids,  and  the  manner  in  which  they  are  moved.  The  lachir- 
mal  apparatus.  The  form  of  the  eye  ball ;  its  general  structure,  and  the 
functions  of  its  component  parts.  The  manner  in  which  the  movements 
of  the  ejre-ball  are  effected.  The  blind  spot.  The  duration  of  luminous 
impressions.  Colour-blindness. 

The  Nervous  Sy$tm,^The  difference  between  the  oerebro-spinal  and 
the  (^pathetic  nyaUsoM.  The  nature  and  ftinotiona  of  the  roots  of  Ae 
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Sflaiil  nopvoi.  The  evidcnoe  that  the  spinal  cord  is  capaUe  of  effecting 
leflex  action.  The  nature  and  fVinctions  of  yaso-motor  nerves.  The 
most  impoitmt  fimetional  peculiarities  of  the  i^eduUa  oblongata.  The 
endenoethat  the  higher  fseultieB  of  the  mind  have  their  seat  in  the 
Iniin.  llie  number,  names,  and  functions  of  the  cerebral  nerres. 


Skgon9  Staqb  OB  Advanced  Coubsb. 

hi  addition  to  the  preceding,  a  knowledge  of  the  following  subjects 
will  be  lequiied : — 

Tkt  Cmulatory  8ystem,^Thie  minute  structure  of  the  organs  of 
circulation.  The  manner  in  which  they  are  supplied  with  blood  and 
with  serTDQs  energy.   The  pericardium. 

The  detailed  analyms  of  the  movements  and  sounds  of  the  heart,  and 
of  the  phenomena  of  the  pulse.  The  causes  of  blushing  and  of  pallor. 
Ilie  influence  of  the  respiratory  movements  on  the  cuculation.  The 
effect  of  irritation  of  the  pneumogastric  nerve  upon  the  heart's  action. 

The  structure  of  the  lymphatic  vessels  and  glands^  and  the  connexion 
of  tiie  lymphatic  with  the  blood  vascular  system. 

T%e  Blood,  the  Inffiwh,  and  the  Chyle. — ^The  sizes  and  the  structure 
of  &e  corpuscles  of  these  fluids.  The  phenomena  which  they  exhibit. 
Their  probable  functions.  The- composition  of  the  blood  in  detaiL  The 
nature  of  the  process  of  coagulation . 

The  Respiratory  System.— The  structure  of  the  thorax.  The  pleurae. 
The  structure  of  the  respimtory  organs  and  the  distribution  of  the  blood 
ftroi^  them.  The  analysis  of  the  respiratory  movements  in  detail. 
The  mechanism  by  whidi  coughing,  sneezmg,  sighing,  and  hiccoughing 
are  effected.  The  physical  and  chemical  processes  involved  in  the  con- 
version of  inspired  into  expired  afar,  and  of  venous  into  arterial  blood. 
The  quantity  of  waste  products  excreted  and  of  oxygen  taken  in  by  the 
lungs  in  twenty-four  hours.   The  rationale  of  ventilation. 

The  Urinary  System,— The  minute  structure  of  the  kidney,  ureter, 
and  bladder.  The  circulation  in  the  kidney  and  the  changes  which  the 
blood  undergoes  in  passing  through  it.  The  quantity  of  waste  products 
of  all  kinds  excreted  by  the  kidneys  in  twenty-four  hours. 

Tie  5ib'».— The  minute  structure  of  the  skin,  of  the  hairs,  nails,  and 
gknds  connected  with  it.  The  muscles  of  the  hair-sacs.  The  quantity 
of  waste  products  excreted  by  the  skin  in  twenty-four  hours. 

The  lAoer, — ^The  structure  of  the  liver,  and  the  course  of  the  blood 
through  it.  The  arrangement  of  the  ducts  of  the  liver.  ITie  composition 
of  the  bile,  and  the  quantity  of  that  fluid  secreted  daily.  The  functions 
of  the  bile.   The  nature  and  uses  of  glycogen. 

The  Spleen  and  the  other  Ductless  Glaarff The  structure  and  pro- 
bable  functions  of  these  organs. 

The  Alimattary  CaiwZ.— The.  structure,  forms,  kinds,  and  succession 
/  of  the  teeth.  The  structure'  and  functions  of  the  salivary  glands.  The 
structure  and  functions  of  the  tongue,  the  soft  palate,  uvula  and  tonsds. 
The  pharynx  and  the  oesophagus  and  the  structure  of  theur  walls.  The 
stomach,  its  form ;  the  structure  of  its  walls.;  its  glands  and  their  ftinc- 
tions.  The  divisions  of  the  intestine.  The  structure  of  its  walls.  ViUi. 
Ghmds.  layer's  patches.  The  structure  and  functions  of  the  pancreas. 
The  peritoneum  and  the  nature  of  the  mesentery.  nru       n  j 

The  details  of  the  digestive  and  absorptive  processes.  The  profits  and 
kfflet  Off  the  economy,  and  how  they  are  balanced  durmg  health. 
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The  Muscular  System  and  Animal  Mechanics, — ^The  minute  stmctnre 
of  fibrous,  cartilaginous,  bony,  and  muscular  tissue. 

The  phrsical,  cnemical,  and  physiological  properties  of  muscle.  Rigor 
mortis.   The  mechanism  of  standing,  walking,  running,  and  jumping. 

The  structure  and  working  of  the  laiynx.  The  mode  in  which  con- 
sonantal and  vowel  sounds  and  articulate  speech  are  produced. 

The  Senses, — ^The  structure  of  the  papilln  of  the  skin,  and  of  the 
tactile  corpuscles.  The  muscular  sense,  llie  minute  structure  and 
nervous  supply  of  the  tongue  as  a  sensory  organ. 

The  structure  of  the  olfactory  on^an.  The  nature  and  extent  of  the 
air  chambers  connected  with  it.  Tne  minute  structure  of  the  Schnei- 
derian  membrane  and  of  the  olfactory  nervo-fibres.  The  mechanism  of 
smelling. 

The  structure  of  the  ear.  The  external  ear  and  the  muscles  whidi 
move  it.  The  muscles  connected  with  the  ear  bones  and  their  actions. 
The  minute  structure  of  the  membranous  labyrinth  and  cochlea.  The 
probable  functions  of  these  organs. 

The  minute  structure  and  the  nroperties  of  the  various  constituents 
and  coverings  of  the  eyeball.  Complementary  colours.  Fhosphenes. 
Purkii\je's  fig^ures.  Adjustment.  R^ul^tion  of  light.  Double  vision 
with  one  eye. 

Sensations  and  Judgments, — ^The  notion  of  roundness.  Subjective  sen- 
sations. Ventriloquism.  £rect  vision.  Double  vision  and  smgle  vision 
with  two  eyes.  Judgments  of  distance  and  form.  The  pseudoscope 
and  the  stereoscope. 

The  Nervous  System, — ^The  structure  of  ganglionic  corpuscles  and  of 
nerve  fibres.  The  structure  of  the  investments  of  the  brain  and  spinal 
cord.  The  minute  structure  of  the  spinal  cord.  The  general  disposition 
of  tihe  histological  elements  of  the  brain.  The  names  and  positions  of 
the  larger  divisions  of  the  brain  and  of  its  ventricles.  Hie  origins  and 
functions  the  spinal  and  cerebral  nerves  in  detail.  The  effisct  of  cutting 
the  spinal  cord  in  various  ways,  and  of  injuries  to  the  medulla  oblon- 
gata. The  effect  of  removing  the  hemispheres  of  the  brain.  Uncon- 
scious cerebration  and  acquired  reflex  action. 

Reproduction, — ^The  structure  of  the  ovum  and  of  the  spermatozoon. 
The  process  of  yelk  division.  The  formation  of  the  blastoderm  and  the 
development  therefrom  of  the  body  of  the  embryo,  with  amnion,  allan- 
tois,  and  yelk  sac.  The  nature  of  the  chorion,  of  the  decidua,  and  of 
the  placenta.  The  mode  in  which  the  foetus  is  nourished.  The  develop- 
ment of  the  heart  and  the  foetal  circulation.  The  changes  in  the  circula- 
tion which  take  place  at  birth.  The  lacteal  glands  and  lactation.  The 
modifications  in  the  proportions  of  the  bc^y  from  birth  to  adult  age. 
The  general  modifications  in  the  condition  of  the  skeleton  from  its 
earliest  appearance.  The  notochord.  The  process  of  ossification.  The 
thymus  and  thyroid  glands.   The  two  dentitions. 

For  the  elementary  stage^ 

Lessons  in  Elementary  Physiology,  by  T,  H.  Huxley,  18mo.,  4*.  6d. 

(London,  Macmillan,  1868.) 

is  recommended  as  a  text  book. 

For  the  advanced  stage,  in  addition  to  the  above,  the  following  works 
are  recommended 
A  Manual  of  Physiology,  by  W.  B.  Carpenter,  12mo.,  I2s.  6d, 

(London,  ChurchiU,  4th  ed.,  1865.) 
Handbook  of  Physiology,  by  W.  S.  Kirkes,  8vo.,  Igf.  6d: 

(London^  Walton  and  Maborly.) 
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Examination  for  Honours, 

Oudidiief  will  be  examined  in  any  aubjeet  treated  of  in  the  standard 
English  works  npon  Flmioloffy,  sucn  as  : — 

Fnmeiples  of  Hwmam  PhyriSlogy,  hf  W.  B.  Carpenter.   8vo.  2dff. 

(London,  Churchill,  Mi  ed.,  1864.) 

Oaflmef  of  Hwman  and  Comparative  Pt^MUjloay^  J.  Marshall. 
StoIs.  l2mo.   d2f.  (Londhon,  Longnmny  1867*) 


SUBJECT  XV^OOLOQY. 

X.B. — Students  should  have  been  instructed  in  the  elements  pbj* 
sioIogT  before  commencing  the  study  of  Zoology.  After  May  18&  no 
csndSlate  will  be  passed  in  Zoology  unless  at  the  same,  or  at  a  prenous, 
enmination  he  has  been  passed  in  the  elementary  stage  of  Animal 
Physiology. 

FiBST  Staox  or  Elkmxntary  Courbb, 

Qncstioiw  win  be  confined  to  the  following  topics : — 

Hie  characteristie  and  distinctive  features  of  the  following  groups  of 
animals:— F«rfe6rafcr,  Mammalia,  Aves,  ReptUia,  Amphibia,  Pisces, 
Artkropoda,  Iiueeta,  Myriapoda,  ArackMa^  Urmstaeeay  Anneliia,  Ecki* 
moderamia,  Eoij^era,  In^ksoria,  Sponpida^  Foramimfera,  Cmlenierata, 
Ifydnsoa,  AeHwoa^  Polftoa,  Braekiopoda,  Lamettwranchiaia,  Pk/mo* 
fasterapoda,  BramckUhgasieropoda,  Cwhahpoda, 

(Csndidales  will  be  expected  to  be  able  to  refer  any  British  member  of 
one  of  these  groups  to  its  proper  group.) 

The  general  nature  and  arrangement  of  the  skeleton  (or  hard  parts)  in 
fktrmmmtferOy  Spomgida,  HgdrosoOj  AcHnosoa,  Braekiopoda,  LameWhran' 
dUsea,  QasUropoda,  Bekitiodsrmaia,  Artkropoda,  Vertebrata, 

The  general  nature  and  working  of  the  alimentary  apparatus  observed 
in  Juftuoria,  Hydrosoa,  AcHnozoa,  Polysoa,  Qasteropida,  AMndida,  Arthro* 
poda^  Pisces,  Aves,  MammaUa. 

The  genml  structure  and  working  of  the  organs  of  circulation  and 
reipuation  in  Lamellibraiwhiaia,  Qastenmoda,  Crustacea,  Araekmda, 
hmcta,  Pisces,  An^kibia,  Rq^Uia,  Aves,  Mammidia* 

The  ffeneral  nature  of  the  nervous  system  in  Rotifera,  Eekinodermata, 
Amelvfa,  Artkropoda,  Polyxoa,  LameUibraaekiata,  Verttbrata, 

The  principal  characters  of  the  organs  of  hearing  in  LamMbromekiata, 
Crustacea,  Pisces,  and  Mammalia;  and  of  the  organ  of  sight  in  AmmeUda, 
Araekmda,  Insecta,  Gasteropoda,  and  Vertebrata, 

The  general  nature  of  Uie  process  of  development  in  Hydrosoa. 
LamdUbranckiata,  Crustacea,  Insecta,  Ampkibia,  and  Aves, 

Sbcond  Staok  or  Advanckd  Coursb. 

Questions  mi^be  set  in  all  subjects  enumerated  under  the  Elementary 
Stage,  and  in  addition  on  the  following  topics : — 

Hie  dbancters  and  distinctive  peculiarities  of  the  Nemaioidsa,  Aeat^ 
tkoeepkala,  Thrbellaria,  Trematoda,  Ascidioida  (or  J\imcaia),  Pteropodm, 
Badudaria  (or  PolydsHna),  Gregarinida,  Rkitopwias  and  of  the  prindpal 
subdivisioDs  (orders)  of  the  Mammalia,  Aves,  ReptUia,  Ampkibia,  Pisces, 
Insecta,  Aracknida,  Crustacea^  Annelida,  Eckimodermata,  Hydrosoa, 
Actiuosoa,  Braekiopoda,  LamdHbranckiata,  Gasteropoda,  Cepkakpoda, 
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Reference  of  any  specimen  to  its  proper  class  and  order. 

Tlie  most  important  modifications  ot  the  vertebrate  skeleton  observ- 
able in  Pharvngobraachu,  Mampobranckii,  Elasmobranchu,  TeieQ$iei, 
Chehnia,  Ophiaia,  Aves,  Monotremata,  Marsupudia,  Cetaoea,  Ckdnjf^ 
tera,  Ungulata,  SimuukB,  Man, 

Tke  leading  modifications  of  the  appendages  of  the  body  and  head  in 
the  Arthropoaa, 

The  structure  of  the  test  in  Echinus,  Uraster,  and  Comatula  (Antedon). 

The  structure  and  nomenclature  of  the  parts  of  the  shell  in  Brackii' 
poda,  Lamellibranchiata,  Gasteropoda,  and  Cephalopoda. 

The  structure  of  the  corallum  m  the  Actinozoa, 

The  structure,  succession,  and  chief  forms  of  the  teeth  in  3fam- 
malia.  The  dental  formnlai  Man^  of  old  and  new  world  apes ;  of  the 
hedgehog,  the  dog,  the  cat,  the  horse,  the  oz,  the  pig,  the  rabbit,  and 
the  rat. 

The  structure  and  mode  of  formation  of  whalebone." 
The  structure  and  movements  of  the  beaks  of  Aves  and  Cheloma, 
The  poison  fangs  of  snakes  and  the  mechanism  by  which  th^  m 
moved. 

The  teeth  of  ordinary  fishes,  of  sharks,  rays,  Chimera,  and  lampreprs. 
The  alimentaiy  apparatus  of  the  Bwnimatia,  and  the  mode  in  which 
it  works. 

The  leading  forma  anmned  by  the  oireulatory,  respiratoiy,  nnal, 

hepatic,  and  saliraiy  o^ans  in  the  animal  seiies. 

The  modifications  of  the  brain  and  of  the  sensory  organs  in  tiaa 
Vertebaia,  Arthropoda,  Cephalopoda,  and  Gasteropoda. 

The  leading  forms  of  the  reproductive  appanitus,  with  the  general 
process  of  development,  in  Mammalia,  Aves,  Aeptilia,  Amphibia,  Pisce§^ 
Arihropoda,  Annelida,  Echinodermaia,  Drematoda,  Tteniada,  Spangida^ 
Cmlenterata,  Lamellibranchiata,  Pvlmo^asteropoda,Brancldo^a8teropoda^ 
Cephalopoda, 

The  difltxibution  of  animals.  The  principal  forms  of  animal  Ufe 
characteristic  of  Australia ;  of  South  America^  with  Mexico ;  of  A£rica^ 
south  of  the  Sahara;  of  Hindostan ;  of  Centnl  Asia,  with  Europe  and 
North  Africa;  of  America,  north  of  Mesdoo ;  of  the  Atlantic,  the  Indo- 
Pacific,  the  Arctic  and  Antarctic  Oceans. 
The  broad  facts  relating  to  the  succession  of  animal  life  upon  the  globe* 
The  natural  history  of  the  animals  which  supply  artidea  of  ogbi- 
merce. 

EXAMIKATION  POR  RoKOUBS. 

In  this  examination  questions  will  be  set  at  the  diseretion  of  the 
Examiner,  who  will  have  regard  to  the  atate  of  Zoobgical  tewhing  in 
the  oooatiy  and  the  means  of  acquiring  information* 


SUBJECT  XVI.— VEGETABLE  ANATOMY  AND  PHYSIOLOQY. 

First  Stage  or  Elbmbntary  Coursb. 

-^wtinctions  between  flowering  and  flowerless  plants.  Growth  of 
flowering  plant  from  seed.    Plumule,  radicle,  cotylcaons. 

Ascending  and  descending  axis :  axial  and  iq)pendicalair  organs. 

Cells:  Parenchyma,  proaenchyma,  ducts,  spiral  vessels.  Vascular 
bundles. 

Stmotttie  and  growth  of  root.  Spongioles. 
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8tmctee  of  ezogaMni  item.  TUk,  vood»  back,  mednDaiy  ngrk 

EpideriDU.-  Haira,  prickles. 

A'atiiie,  position,  and  development  of  laaf  buds :  bmoiiea  tud  spines. 

Vsntion  and  sirutftoge  of  Imras.  Stomates. 

FlonJ  organs,  protective  and  essential.   Sexes  of  plants. 

Stenetm  and  ddbisosnM  of  antbon.  Stnwtm  of  poIlMi  gtiin. 
Evohition  and  course  of  pollen  tube. 

Stipaa.  Orate :  nndeos  and  ooslli^  fonmcn.  AnsiMpovis  eanqijlo- 
tnmms  and  orthotropona  ovutes.   Impregnatioas.  EnJuyo  sae. 

Seed:  biliun,  cbalasa,  rhapbe.  Albumen,  Embiyo:  aM»ioeofyl»> 
donoos  and  dicotyledonous. 

Food  of  plants.  Course  of  »p»osmose,  whaktion,  mapiratioa  (by 
day  and  ni^bt),  assimilation.   Cambium  lagm 

Compostion  of  ceUuloae,  starch,  suffar«  gum»  gbtea*  diteropbylL 

In  i&  earlier  course  these  subgeoto  should  be  taught  qiale  gtnaaU|VM 
tfasy  oewr  in  the  ardinsqr  typo  of  stnitlure.  All  esoeptkua  shoukl  be 
reserred  for  the  higher  course. 

Second  Sta«b  wbl  A^tanosd  Course. 

CfD  derdopment  by  division  and  free  ceD  Ibimation*  Fitoioplasm* 
Fonnation  of  ducts  and  vessels. 

GeD  contents.  Cytoblast  or  nudeas,  seoondavy  deposits,  air,  ei^stals, 
ihap^iides,  chloroph^fll,  oil. 

Cireiiterton  of  fliuds  in  cells. 

Functions  of  oeUs  and  vessels.   Intercellular  spaees,  late  canals. 
Structure  of  tnak  of  climbing  nhints,  and  of  tree  fms. 
Pteasitical  plants ;  leafy  and  leafless,  on  root*  stem*  bark* 
Development  of  leanres. 
Abnonnal  fbnns  of  stomates. 
Pollen  fonnation. 
Ovule  of  Loranihacee. 

Impregnation  and  embiyogengr  el  Coutei  and  their  allies. 

ReproouctioD  of  Ciyptogams. 

Propagation  of  plants  oUierwise  tiisn  by  seed. 

Pt^'ologv  of  flower ;  absorption  of  oxygen,  evolution  of  heat. 

Imtabili^f  of  leaves,  tendrils,  stamens. 

Theoiy  of  manures. 

Differences  between  animals  and  plants. 

.Examination  pob  Honours. 

Questions  at  ilie  discretion  of  the  examiner,  who  will  have  regard  to 
the  state  of  teaming  in  the  country  and  the  means  of  acquiiii]^  informa* 
tion. 


SUBJECT  XVII^SYSTEMATIC  AND  ECONOMfC  BOTANY. 

First  Stage  or  Elementary  Course^ 

Am — Morpliolofy. 

Ascending  and  descending  axis. 

Root:  annual,  btennial,  perennial;  fibrous,  tuberous,  tap^  &c« 
Stem:  woody  or  herbaceous;  erect  or  creeping;  eoiiD». bulb, rhi« 
some. 
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Letf  I  entire  or  rmomtf  ooi  j  simple  or  oompoimd ;  kinds  of  oom- 
position.   Petiole,  blade. 
,    StipuleB.  Tendrils.  Bitcts. 

Inflorescence :  raceme,  spike,  catkin,  umbel,  capitulmn,  cozynDib, 
panicle. 

Flower:  complete  or  incomplete,  uni- or  hi*  sexual;  regnlar  or  irre- 
gular. 

Calyx  and  corolla :  polf -  or  firamo-  sepalous  or  petalous ;  persistent  or 
deciduous;  valvate,  imbneated  or  twisted  in  estivation. 

Stamens:  number  and  relsdye  position;  insertion,  cohesion.  FUm- 
ment,  anther. 

Oviuy:  adherent  or  free;  of  one  or  more  carpels,  uni- or  mnIti*looiilav; 
number  and  cohesion  of  styles. 

Ovules :  solitary  or  numerous;  erect,  horizontal,  or  pendulous ;  witli 
axile,  free  central  or  parietal  placentation. 

Fruit:  dehiscent  or  indehisoent;  succulent  or  dry;  drupe,  berry, 
aohene,  capsule,  legume,  pod. 


Dicotyledones :  thablamiflorv^  calyciior«»,  ooroUifiorse,  jnoomptotae, 
Monoootyledones. 

Aootyledones :  acrogens,  thallogens. 

Distinctive  characters  of  the  largest  British  natural  orders,  viz. :~ 

Ranunculacee.  Scrophulariaoes. 

Gruciferas.  Labiata?. 

Caiyophylleae.  Orohidee. 

Leguminosae.  Liliacese. 

Rosaceae.  Cyperaceae. 

Umbelliferae.  Graminese. 
Compoflitae. 


The  candidate  will  be  ex] 
ffenous  to  Great  Britain  ani 
following  list : — 

Wheat. 

Barley. 

Oats. 

Rye. 

Rice. 

Indian  com. 

Pea. 

Bean. 

French  bean. 

Pasture  Grasses. 

Clover. 

Turnip. 

Mangold. 

Hops. 

Tea^ 

Coffee. 

Cocoa. 

Chicory. 

Tobacco. 


-.:ed  to  know  the  economic  plants  indi- 
Ireland,  as  weU  as  those  contamed  in  the 


Sugar. 


Gum. 

Caoutchouc. 

Gutta  Percha. 

Turpentine. 

Palm  oil. 

Cocoanut  oil. 

Castor  oil. 

Olive  oil. 

Indigo. 

Logwood. 

Milder. 

Catechu. 

GaUs. 

Oak  bark. 

Cotton. 

Flax. 

Hemp. 

Jute. 

Uahogany. 

Oak. 

Deal. 


Teak. 

Maple. 

Walnut. 

Opium. 

Quinine. 

Jalap. 

Ipecacuanha. 

Aloes. 

Rhubarb. 

Senna. 

Nutmeg. 

Cloves. 

Pepper. 

Onmge. 

Vine. 

Almond. 

Peach. 

Plum. 

Melon. 

Cucumber  . 

Gourd. 
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l%e  use  of  the  prbduei,  the  part  of  tiie  plant  aftndiiig  it»  ihft  name 
mnd  natnral  order  of  the  plant  which  yields  it»  its  natire  oonnliy  when 
wild,  and  when  coltiyated  the  area  of  oultiTation  will  be  expeeted  to  be 
luiowu* 

SxcoND  Staok  OB  Advamcbb  Coubsk. 

Ifodifieations  of  stem  structnre  (as  in  cactus,  &o.) 

Modifications  of  leaf  structure :  Phyllodes,  pitchers. 

Morphology  of  cryptogams :  frond,  thallus,  theca  or  spore-cascj  soma 

elater,  mycelium,  spore,  &c. 
FhyUotaxia. 

Tbeory  of  Inflorescence. 

MelamoiphOBis  of  flowers. 

Dimorj^usm  of  flowers. 

Mndples  of  rlassification. 

Natural  liunily  or  order,  genus,  species,  variety. 

Variations  of  cnltivaled  j^nts. 

Characters  of  all  British  natural  wders,  and  of  the  largest  and  most 

important  exotic  orders. 
rhssiflpation  of  Cryptogams  t  chavaoters  of  ferns,  Lyoopodiaeev, 

Equisetacea?,  mosses,  Hepaticsp,  Characes,  Algae,  Lichens^  Fungi. 
Mndpal  economic  plants  belonging  to  each  natural  order. 
General  ptinciples  of  geographi»l  botany. 

Examination  pob  Honoues. 

Questions  will  be  set  at  the  discretion  of  the  examiner,  who  will  have 
icgaid  to  the  state  of  botanical  learning  in  the  countiy  and  the  means  of 
acquiring  information. 


SUBJECT  XVIII^PRINCIPLES  OF  MINING. 

The  Art  of  Mining  embraces  so  wide  a  field  of  studv  that  equal  prao- 
tkal  profideney  in  its  various  branches  is  not  to  be  expected  from 
persons  engaged  in  different  classes  of  mines,  nor  equal  knowledge  of 
Its  general  features  from  students  brought  up  in  districts  where  only  one 
or  another  branch  of  the  subject  is  practised.  The  examination  Pttpsn 
win  tiicnfoie  contain  a  sufficient  variety  of  questions  to  suit  canoidatea 
belonging  to  either  a  metalliferous  or  a  coal  oistrict. 

The  subject  at  large  being  {iroperl^  an  art,  or  application  of  various 
branches  of  science,  and  one  in  which  every  question  will  admit  of 
various  d^rees  of  proficiency  being  shown  m  the  replies,  the  higher 
numbers  w3l  be  awarded  only  to  those  answers  which  exhibit  the  greater 
amount  of  completeness  and  accuracrr.  Curt  and  vague  answers  will  be 
but  of  little  value,  and  exactness  wiU  be  expected  in  all  that  reUtes  to 
numbers,  prices,  weights,  and  measures. 

Those  who  wish  to  gain  a  general  knowledge  of  the  topics  for  exaini« 
nation  may  be  recommended  to  direct  their  attention  to  the  subjoined 
hea<b,  vis. : — 

First  Stack  or  Elkmbntaby  Coursb. 

]  ;  Geobgy  and  Mineralogy,  more  narticularlv  those  portions  of  the 
'   sciences  which  bear  on  the  following  subjects,— the  nature  and 
position  in  the  earth's  crust  of  the  useful  minerals,  the  dasses  of 
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YOok  with  iriiicb  they  sre  wrenQIy  «8soci&ted,  the  special  ch&ncter 
of  he&ve9,  thtows,  troubles,  and  nU  kinds  of  dislocation ;  tiie  p«r»- 
tioular  d^rences  between  beds  and  lodes,  and  their  minefsls^  and 
^e  chief  features  of  irregular  repositories. 

2.  The  methods  of  prospecting  and  searching  at  surface  for  ores  and 
other  minerals. 

3.  Breaking  rock  hr  manual  labow  akMoe ;  varioos  forms  of  piok*y  and 
of  hammer  and  wedge  employed  for  the  purpose.  Use  of  gun.' 
powder  and  other  explosives;  precaations  to  be  observed  in  boiaing 
and  in  firing  shots. 

4.  Depths  attained  b^  mines  and  bore  holes  in  various  caeea.  Geo- 
graphical distribution  of  the  chief  mining  distviots. 

5.  Ventilation  of  mines,  why  important.  Composition  of  air,  oarboouc 
acid  gas,  and  fire-damp ;  how  the  latter  noxious  damps  ocour*  and 
what  precautions  against  them  should  be  adopted,  either  for  a  tem- 
porary purpose  or  permanently.  Reasons  of  a  natural  circulalioD  of 
air  to  some  extent  being  observable  in  all  mines.  Various  applica- 
tions of  water  to  aid  ventilation.  Means  of  app]^ng  htoA^  or 
machines  for  the  same  purpose. 

6.  Lightiag  of  wcnrkings;  pnnoi{^  and  construction  of  the  aaftty 
.  lamp. 

7.  Circumstanoes  under  which  water  eaters  mines.  Working  of  ovdi- 
naiy  pimips ;  special  requiremente  of  pumps  for  mines.  Mode  of 
appljrmg  human  or  horse  labour  to  the  winding  of  water  and  studff 
or  mineral;  fixing  and  oomparison  of  the  unit  of  work.  Water 
wheels  and  steam  engines,  variety  and  construction  of,  as  in  use  for 
ffiining  purposes. 

Canoa^e  or  oonveyanee  along  levels  and  inclines ;  banowib  tram 
plates,  rails,  tubs,  or  wagons. 

General  features  of  winding  in  shafts  by  machinery. 

8.  The  form  and  dimensions  of  shafts  applied  to  various  purposes ; 
sinking,  and  precautions  against  accident  from  falls  and  from  collapfle 
of  sides. 

9.  Driving  of  levels,  drifts,  and  wind-roads ;  their  rate  of  inclination, 
breadtn,  and  height  in  various  districts ;  methods  and  cost  of  arch- 
ing them,  and  of  timbering  or  wooding. 

10.  The  removal  or  exploiiation  of  mineral  after  completion,  to  a  ctrtem 
point,  of  dead  work;  stopes  and  pitches,  under  vaiiouft  oiroanb- 
stanees.  Pillar-working  at  various  deplhs,  and  other  forms  of 
extiaoting  coal  or  ironstone.  Main  considerations  of  safoty  and 
economy  which  have  to  be  studied  in  adopting  a  particular  plan. 

11.  Means  of  securitv  to  be  adopted  in  shafts ;  Ist,  as  to  construction 
and  fixing  of  kdiders ;  2nd,  as  to  ruks  and  arrangements  wheie  Hie 
awn  ride  instead  of  climbing. 

Second  Stagk  or  Advancu  Coubsb* 

1.  Details  as  to  the  form  in  which  the  usef^  xpinerals  are  accumulated  i 
fltratifled  deposits ;  alluvial  or  stream-works ;  lodes  and  their  vazioas 
directions;  pipes  and  other  irr^lar  repositories.  Examples  of 
remarkable  localities;  true  sectional  drawings  or  profiles  to  be 
studied.  Examples  of  heaves,  and  alleged  laws  according  to  which 
they  have  taken  place.  Composition  and  phyaicid  state  of  the 
containing  rock  or  "  country." 

i.  Exploring,  shoading,  and  costeaning.  Grounds  for  0])inion  in 
the  re-opening  of  old  mines;  prehminaiy  operations  in  viigin 
diiirictVw 
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3.  BraJong  of  ground ;  the  varioua  implements  employed,  their  form, 
dimensions,  and  weight;  boring  for  shots;  the  various  modes  of 
firing  charges.  Heavy  charges,  how  calculated  and  fired;  rules  for 
ensuring  safety.   Drilling  and  coal-catiing  machines. 

4.  Deep  boring,  nder  what  ciicmnetoBees  applicable,— appatatas  fori 
description  of  varieties  in  use;  luung  of  boie^ioles. 

5.  Management  and  supervision ;  payment  of  men  employed  at  mines, 
ai  surface  and  underground,  varymg  in  principle  with  the  different 
dasses  of  operation ;  reasons  for  tot-work  or  pieoe-work,  and  tribute 
or  bing-tale  under  different  circumstances.  Calonlatione  for  cost  of 
driving,  sinking,  tramming*  Ac. 

6.  Vhysiflsl  principies  of  ventilation ;  practice  of  min^  where  simple 
nsAaial  veBtlMon  it  empkiyad;  veotilation  d  large  aieas  and  of 
dem  or  eumplieatwl  workings  by  guiding  the  natut^  current; 
armbial  meana,  and  ibeir  detoils,  for  pnnwting  ventilation. 
iwntiiwMi  to  be  taken  under  specially  dangerous  conditions. 

7.  Illumination,  of  various  kinds,  their  economy;  safety  lamps  in  all 
tiieir  best  modifications ;  circumstances  under  which  they  should  be 
employed ;  precautions  in  their  use. 

8.  Meoianieal  divirion  of  the  subject.  Strength  of  materials  used  in 
mines;  human  and  horse  power,  principles  and  constmetion  of 
machines  to  which  they  acre  applied.  Hydraulic  machines ;  con- 
stmetion of  the  water-wheels,  turbines,  and  pressmw  engines  most 
suitable  to  the  varions  operations  of  mining.  Steam  engines,  for 
pomping  and  for  winding;  sneangement  and  eonstruotion  of  the 
varieties  moat  in  use.  Form  and  dimensions  of  boilers.  Pumps 
employed  in  mines,  mode  cf  placing  them ;  oonstruotion  of  the  lifts ; 
materials  and  details  of  the  rods,  set-offs,  counterbalances,  cisterns, 
and  catches.  Circumstances  under  which  dams  are  erected  in  shafts 
or  levels ;  mode  of  building  them. 

Tubbing  of  water  from  shafts;  conditions  under  which  it  may 
be  done ;  details  of  the  opeialion  with  various  maslerials,  wood,  brick, 
stone,  cast  and  wrought  iron. 

^AiW  waggons,  and  tubs  for  under^und  conveyance ;  employ- 
ment of  horses  and  of  fixed  steam  engines  for  this  purpose. 

Raising  of  the  mineral  through  the  shafts ;  various  methods  in 
use;  chains,  ropes  {oi  hemp  or  wire),  their  weight,  &c*  Details  of 
the  best  application  of  drums,  cages,  guides,  keeps,  and  safety  doors. 
Pulkj4  and  shaft  frames  or  poppet  heads ;  protection  against  over- 
windmg ;  safety  clutches,  &c.  m  case  of  breakage  of  rope. 

9.  Opening  of  ground;  quarries  and  open  work;  driying  of  levels^ 
various  dimensions  and  directions  according  to  circumstances; 
smldng  of  shafts,  inclined  or  perpendicular ;  advantages  of  either 
kind  under  certain  conditions ;  means  of  securing  levels  and  shafts 
hf  timber  or  by  walling ;  detaHs  of  the  various  methods.  Driving 
or  sinking  in  heavy  or  running  gro«uad. 

10.  Woridng  excavations;  plan  of  laying  them  out,  and  meana  of 
secinnty  to  be  adopted  whilst  Hhej  are  kept  open.  This  will  include 
the  sloping  of  metalliferous  veins,  and  tne  various  modifications  of 
post  and  stall,  long-work,  &c.,  which  are  applied  to  stratified 
deposits. 

11.  Traveffing  in  shafts ;  prevention  of  accidents  by  proper  fitting  and 
dividing ;  mode  of  plying  ladders  and  sollars ;  lifting  machine  for 
men,  construction  and  advantages  of. 

12.  Dressing  of  minerals.  Arrangement  of  dressing  floors.  Construc- 
tion of  crusher  and  stamps ;  washing  of  eosl ;  jigging>  concentration, 
and  aepantion  of  metaDie  nunerals. 
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Examination  fob  Honoubs. 

QueaiioBS  will  be  aet  «t  the  diacietion  of  the  Examiner,  who  will  haive 
regard  to  a  general  knowledge  of  mininff  as  carried  on  in  this  and  othcl^ 
countries,  and  maj  require  certificates  mm  emitloyen  as  to  practical 
work. 

The  student  may  be  advised  among  other  sources  of  information  to 
consult  i^e  following  works  t — 

Manual  of  Otology ^  by  J.  Phillips.   Svo.   12«.  6(i. 

(I^ndon,  Griffin,  1855.) 
LawM  regulating  the  Depositum  of  Lead  Ore  ta  Veins,  by  W.  Wallace. 
8yo.   25«.  (London,  Stanford,  1861.) 

Treatiee  on  Mning  Engineering,  by  6.  C.  Greenwell.   4to.  50s. 

(London,  Spon,  1856.) 
Coal  and  Coal  Mining,  by  W.  W.  Smyth.    8ro.   7s.  Sd. 

i London,  Strahan,  1869.) 
K  Whitney.   8vo.  16*. 
(London,  Trubner,  1854.) 
O^logie  Appliqn/e,  par  A.  Burat.   2  vols.   8ro.  \7s. 

(PUris,  Langlois,  4th  ed.,  1859.) 
Die  Lehre  ton  den  Ertlagerstatten,  von  B.  von  (%tta.   2  vols.  8vo. 
15f.  (Leipzig,  Felix,  2nd  ed.,  1861.) 

Besides  these  the  various  reports  of  H.  M.  Inspectors  of  Coal  Mine8« 
and  the  evidence  fiven  before  Committees  of  the  Houses  of  Parliament 
on  Accidents  in  Mines,  may  be  studied  with  advantage. 


SUBJECT  XIX.-METALLURQY. 

Tor  the  first  stage  or  elementary  course  the  student  will  be  expected 
to  answer  questions  under  the  following  heads,  exclusive  of  those  in 
italics. 

The  second  stage  or  advanced  course  will  include  these.  The  student 
will  also  l)e  requii^  to  make  sketches  and  name  unlabeUed  specimens. 

For  honours  the  candidates  will  be  asked  questiwis  at  the  aiscretion  of 
the  Examiner,  who  will  have  vegtmd  to  the  present  state  of  metallurgical 
science  as  carried  on  in  this  and  other  conntries. 


Intboductobt  Subjbcts. 

Physical  Properties  of  Metals. — Phpical  State.  Action  of  Heat. 
Specmc  Gravity.  Crystallization.  Vaneties  of  Fracture.  MaUeabili^. 
Ductility.  Tenacity.  Toughness.  Softness.  Elasticity.  Conduction 
of  Heat  and  Electricity.  Capacity  for  Heat.  Expansion  by  Heat. 
Opacity.    Lustre.  Colour. 

Classification  of  Metallurgical  Processes. — ^Explanation  of  the  temn 
ore,  '*  native  "  veinstuiF,  matrix  or  gangue,  *'  dressing."  Beduetioiu. 
Smelting.  Flux  and  Slag.  Regulus.  Speise.  RoMting.  Distilla- 
tion.  Sublimation.  Liquation. 

Slags. — Atomic  constitution  of  silicates.  Constitution,  external  cha^ 
racters,  brittleness,  toughness,  colour,  and  fusibili^  of  slags.  The 
fusibility  of  certain  compounds  not  containiag  silicic,  alumiBateib 
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aesqiiioxide  of  iron  and  lime.  Fluor  spar  as  a  flux.  Melting  poimts  qf 
tiUeeiet  a»  imdieated  by  tk€  fiukm  qf  alloys  of  gold  and  plaHimm.  Svp* 
pomd  SMlpiosiHeateM. 

Nitual  Refiraetocy  MafteBttb  employed  in  the  Oonstruction  of  (>n« 
dUei,  BetortB,  Fumaoas,  &e.  Fire  Clajrs. — ^ApproicimaCe  composition. 
Mode  of  testing.  Crucibles. — ^Barthen  or  day  ccnoibles.  Stomiridg^ 
eky  enuibles,  Comisk  entciblee,  London  crucibles.  Hessian  emdblds, 
AomI  eneibles.  Belgian  crveibles.  Graphite,  black-lead,  or  plumbago 
cradbleB.  Lining  cruoiUcswith  carixm.  Furnaces.— Sefstrom's  blast 
fnnsoe.  DeviUe^s  blast  fwmacs.  Fire  Bricks,  &o. — Stourbridge  fiie- 
bridu  Dinas  fire-brick.  Sand  and  sandstones. 

FUBL. 

Hie  cakmfic  power  of  ftiel.  Berthier's  process  of  estimating  the 
oslaiific  power  of  fuel.  The  calorific  intensity  of  fuel,  and  theoretical 
compQtation.  Wood. — Kinds  of  wood  employed  as  fuel.  Elementary 
eompositbn  of  dr^  wood.  Plroportion  of  water  in  wood.  Specific  gravily 
of  wood.  Proportion  and  approximate  composition  of  the  ashes  of woodf. 
Tlie  rapidity  of  growth  of  wood.  Weight  of  wood.  Cutting  and 
storing  of  wood  intended  as  iuel.  Peat  or  Turf. — Specific  gravity  of 
peat.  Composition  of  peat.  Approximate  composition  of  the  ashes  of 
peat.  FroSimate  composition  peat.  Extraction  and  desiccation  of 
pest  Coal. — ^Definition  of  coal.  Approximate  composition  of  the 
ashes  of  coid.  Lignites.  Classification  of  lignites  according  to  external 
ekaraeters.  Approximate  composition  of  lignites.  Bituminous  coals. 
Caking  coal.  Free  burning  coal.  Cannelcoal.  Anthracite.  Itbrous  trnd 
grtmalar  matter  in  coals.  Composition  of  bituminous  coals  to  be  given 
genenlly  and  i^proximately  for  each  class.  T%e  occurrence  of  certain 
mdsis  m  peat  and  coals.  Frims^s  chemieal  researches  on  combustible 
mtscrob.  Charcoal.— Spectre  heat  and  specific  gravity  of  charcoal. 
Proximste  composition  of  charcoal.  Various  modes  of  charcoal  burning. 
Chueoal  burning  in  piles  or  stacks.  Chinese  methods  of  charrimg  in  pits. 
Yidd  of  chaiooal  by  volume  and  bv  weight.  Influence  of  temperature 
vfoa  yield.  Theory  of  Charcot  morning  in  drcnlar  and  reotangidar 
pdes.  Feat  charcoal  or  ooke.  Carbomsation  by  snperkeated  steam. 
Coke.— Properties  of  coke.  Approximate  composition  of  coke.  IVesence 
of  water  in  coke.  General  principles  ocmceming  the  preparation  of  coke. 
Coking  in  dicular  piles,  in  long  piles  or  ridges,  and  in  large  open 
ndangiUar  kilna.  Coke  ovens,  Coar^^  coke  oven.  Coke  oven  of  tke 
Bntkm  Appolt.  Composition  and  economic  application  of  the  waste 
gases  of  coke  ovens.  Davit^  Bneaaoven.  Mineral  charcoal.  Coking  of 
nofn-caJuDg  coal  slack  by  admixture  with  pitch.    Collection  of  products 

economic  valne  generated  dming  the  process  of  coking.  Desulphurisa- 
tumofcoke.  Combustible  Gases. — Ctarbonic  oxide.  Hydrogen.  Hy- 
drocarbons. 

Comparison  of  fuels  iii  regard  to  calorific  power.  Calorific  power 
eaksiatedfrom  ultimaie  composition. 

Copper. 

Physical  and  chemical  properties.  Specific  heat.  Linear  dilatation  by 
heat.  Aetion  of  heat.  Atomic  weight.  Action  of  oxygen.  Dioxide ; 
motoxide;  dioxide  and  protoxide  of  copper  heated  with  silica. 
Borates  of  copper.  Disulphide.  Disulphiae  of  copper  heated  witii 
access  of  air.  Theory  of  ine  process  of  nesting  disulphide  of  copper 
with  free  access  of  av.  or  roasting.  Disulphide  of  copper  heated  in 
admixtnie  with  dioxide,  protoxide,  or  sulphate  of  copper.   Dioxide  of 
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(Hipper  hetaedwUlpnaotuiokide  of  irma^  Dim^htde  qf  copper 

gaywerf  to  the  actum  cfkyarogemamd  water  at  kkfk  temper aturcs,  MeUuSc 
copper  exposed  to  the  action  of  the  vapour  of  water  at  kiffh  temperatmrec, 
Dieulphiae  of  copper  heated  with  earbim,  wUh  troii,  with  mo,  with  iead, 
with  tin,  with  aniimomf.  Copper  heated  with  tmaiphide  efaatvmomf^ 
Dieul^Me  of  copper  keaied  wtth  nitre,  with  caaatie  eoda,  with  carbanate 
of  soda,  with  baryta  or  Ume,  with  cyanide  of  potassium.  Copper  and 
moxide  of  copper.  Copper  and  carbon.  Overpoled  copper.  Copper 
and  nitrogen.  Copper  and  phoephorus.  Copper  and  anenk.  Coppff 
and  silicon.  Specmo  gnmty  of  copper.  Electric,  conductiviiy  of 
copper.   Influence  of  variome  foreign  mattere  on  electric  oonduetimty. 

Ores  of  Copper. — Physical  characters  and  chemical  composition  of : 
Native  copper.  Red  oxide  of  copper.  Black  oxide  of  copper.  Green 
carbonate  of  copper  or  malachite.  Blue  carbonate  of  copper.  Vitreous 
or  gr^  sulphide  of  copper.  Purple  conoer  ore.  Copper  pyrites  or  yellow 
copper  ore.  True  grey  copper  ore  or  anlerB.  Chiysocolla.  AtacnnifcB. 
Copper  ores  of  Cornwall  and  Devon.   Meaning  of  the  word  StandanL 

AMoying  qf  copper  ores  by  dry  and  wet  methods.  Comparatioe  resaUs 
by  Cornish  and  wet  methods. 

Copper  Smelting. — In  Reverberatory  furnaces :  The  Welsh  Prooesa.— 
Fuznaoea  employ^ ;  calciner,  melting  fomace.  The  reactions  whiob 
occur  in  the  process.  Calcination ;  composition  of  the  gaseous  prodmois 
which  escape  from  the  ore^aldner.  Melting  of  the  calcined  ore ;  extenud 
characters,  and  composition  of  coarse  metal  and  ore-furnace  slag.  Specific 
gravity  of  the  coarse  metal  and  ore-fumace  slag.  Calcination  of  tu  m- 
nulated  coarse  metal ;  Melting  of  (ndcined  granulated  coarse  metal;  iraite 
metal,  blue  metal,  metal-slag.  Moss-copper.  Roasting ;  blistei^-ooppar, 
roaster-slag.  Best  selected  process.  Renning.  Elimination  of  the  /o^ 
lowing  Foreign  Metals  during  the  Welsh  Process  of  Copper  SmeUing^— 
Arsenic,  antimony,  tin,  nickel,  cobalt,  gold,  and  silver.  Various  proposed 
improvements  in  Copper  Smelting  Furnaces.  Napier^s  process,  method  qf 
smelting  proposed  by  MM.  Bioot  and  Philbps.  Smelting  rick  copper 
slags  ta  a  blastfurnace.  In  Blast  Fumaoes :  In  Japan.  In  Sweden.— 
Furnaces  employed ;  ore-ftimaoe,  black  copper  furnace,  refining-hearth. 
The  processes  of  roasting  or  calcination,  fusion  of  the  roasted  onw 
roasting  of  the  regulus  from  the  last  operation,  fusion  for  black  copper, 
refining,  and  toughening.  Copper  ram.  Loss  in  smelting.  SmMmg 
of  copper  schist  in  Prussian  Saxomy.  Copper  smelting  in  Perm  in  BassM. 
Cupriferous  pig  iron.  Theory  of  the  process.  Kemelroasting  at  Agordo. 
— Composition  of  the  ore.  Roasting.  Styrian  kihu.  Mode  of  charging[^ 
Changes  which  the  ore  undergoes  daring  roasting^  Theory  of  the  proeesa. 
Wet  methods  of  extracting  copper. — Prec^taiion  of  copper  from  soluHom 
by  iron.  Bankarfs  process.  Wet  process  by  M.  Escalle.  Hdkner^s  patent, 

Loss  of  copper.   Impurities  occurring  in  commercial  eopper. 

Zinc  or  Spelter. 

Physical  and  chemical  properties.  Atomic  weight.  Action  of  oxygen. 
Action  of  water  on  zinc.  Oxide  of  zinc.  Reduction  of  oxide  of  zinc  by 
carbon,  carbonic  oxide,  and  hydrogen.  Silicates  of  sine.  Reduction  tif 
silicate  of  zinc  by  carbon.  Oxide  of  zinc  heated  with  boracic  aciS. 
Sulphide  of  zinc  heated  with  access  of  air,  with  oxide  of  zinc,  miitk  cor- 
bon,  with  various  metals,  ta  the  vapour  of  water,  with  carbonic  add^ 
with  nitre  or  nitrate  of  soda,  with  carbonate  of  potass  or  soda,  with  Mm. 
2Sno  and  phosphorus.   Zinc  and  arsenic 

Ores  of  Zinc. — Physical  character  and  chemical  composition  of:  Gali^ 
mine.   Electric  calamine.    Blende.   Red  xusc  ore. 

Methods  qf  assaying  Ores  ofZimc. 
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Metiiodt  of  ExtfActivg  IhkOr^Snfflish  Procm,^Roa8Hna  or  co/omm- 
<m  cf  the  bieHde.  Pots  ami  comdetump  tube9.  BeduoHom  h<m$e.  Mode 
of  AMtfnjF  the  poU,  Mode  of  charging  the  pots,  and  management  of  the 
finrnce,  TremtmetU  of  the  remgh  zinc,  Silenan  Process. — ^Retoits  and 
appendages;  Clay  nocsles  or  oondensers.  Lsj^gins  or  stoppers.  Iron 
anpeadages.  Description  of  the  ftinune.  Gideiner.  Distillation  of  rinc. 
MfitiBgof  distiUed  zino.  Belgian  Process.— Retorts  and  appendages. 
Deso^tkm  of  the  ftunaoe.  Corinthian  Method,  Zino  Jkme,  Moniefiori 
fimuBee,  Foi«ign  matter  in  commercial  sine.  ¥ref09ed  imprwemeni$ 
in  the  extraction  of  zinc. 

Brass. — Definition.  MaHeabiUty.  Ptooms  of  stamping.  Dead-4ip- 
nmg.  Aysieal  properties  of  various  alloys  of  copper  and  sine.  Manu- 
Iketaie  of  cslamme  mss.  Direct  prepai«tk>n  of  brass.  Muntx*sm«taL 
Defects  oooDiring  in  bnuBS«   Cokmring  and  lacquering. 


Iron. 

nracal  and  Chenricsl  Properties.  Magnetism.  Tenacity  or 
tensife  strength.  Specific  heat.  Dilatation  by  Heat.  Action  of  neat. 
Wdffing.    **  Burnt  Iron.*'    Ctystalline  and  fibrous  iron.    Effect  <i 

cold  hammering  upon  iron.    Atomic  weight.     Iron  and  oxygen.  

Aotozide;  sesquiozide  or  red  oxide;  hydnted  sesquioxide;  magnetic 
oxide;  iron  scaw,  or  hammer  slag.  Ferric  Acid,  Iron  and  Water.— -Sreser- 
ration  of  iron  ftrom  rust.  Iron  and  Sulphur. — Disidphide  :  protosulphide ; 
prototn^hide  exposed  to  the^  action  of  vapour  of  water  at  a  high  tem- 
perafure,  Protosulphide  of  iron  heated  wtth  carbon,  with  sesquioMe  of 
iron,  with  sulphate  of  protoxide  of  sesquioxide  of  iron,  with  protoxide  of 
lead,  with  other  metallic  sulplndes,  with  silica,  with  silica  and  carbon, 
Sesqmsulphide  :  bisulphide ;  or  iron  pyrites.  Magnetic  pyrites.  Sulphate 
of  protoxide  of  iron,  coppma,  or  ^en  vitriol.  Neutral  tersulphate  qf 
sesmaoxide  qf  iron.  Sulphides  of  iron  roasted  with  access  of  air.  Iron 
and  Nitrogen. — Results  of  experiments.  Passivity  of  iron.  Iron  and 
nosphorua. — Phosphides  of  iron.  On  the  action  of  carbon  on  iron  con-' 
txmting  pho^horus.  Phosphate  of  protoxide  of  vpon.  Phosphate  of 
sesquiooade  of  iron.  On  the  action  of  iron  at  a  high  temperature  upon 
j^uaphate  of  lime  in  the  presence  of  carbon.  Ditto  in  the  presence  of 
carbon  and  free  silica.  On  the  action  qf  phosphorus  on  iron  containing 
sulphnr.  Iron  and  Arsenic.  Case-hardening  of  iron  or^ steel  by  arsenic. 
SSicon.  SHieon  and  nitrogen.  Manganese  and  Silicon.  Iron  and 
Silicon. — Reduction  of  silica  b^  carbon  in  the  presence  of  oxide  of  iron 
and  other  bases.  Protoxide  of  iron  and  jsilica.  Reduction  of  silicate  of 
protoxide  of  iron  bv  carbon.  Silicate  of  sesquioxide  of  iron.  Tribaw: 
mUcate  of  protoxide  of  iron  heated  with  access  of  air.  Liquation  of 
sSHcate  tif  protoxide  of  iron  containing  phosphorus.  Protoxide  of  iron  and 
boracic  actd.  Sesqmoxide  ofironanaooracic  acid.  Iron  and  Carbon. — 
Moto  of  effecting  tiie  combination  of  carbon  with  iron.  Cementa- 
tion. Action  qf  carbonic  oxide  t^on  iron.  Action  of  solid  carbon  upon 
iron.  In  an  atmosphere  of  ccirbonic  oonde.  In  an  atmosphere  of  hydrogen. 
Amount  of  carbon  in  iron.  Maximum  amount  of  carbon  capable  of 
being  taken  up  by  pure  iron.  Iron,  manganese,  and  carbon.  Modes  of 
existonce  of  carbon  in  iron,  grey,  white,  and  mottled  cast  iron.  Chill- 
casting.  Spiegeleisen,  or  specular  cast  iron.  Action  ofsiUcon  andofsuU 
pkar  on  iron  containing  carbon.  Abstraction  of  sUieon  from  cast  iron 
oy  fusion  with  sesquioxide  qf  iron  alone,  and  with  the  addition  of  maw 
ganese.  Oirbonate  of  protoxide  of  iron.  Action  of  dilute  sulphuric  or 
hyd^Jdoric  acid  on  white  and  grey  cast  iron.  Action  of  sea  water  on 
cast  son. 

Alloys  of  Iron.-— Iron  and  copper.  Iron  and  zinc.  Process  of  zincing 
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or  galvanizing  iron.  Iron»  copper,  and  zinc.  Heir's  patent.  Aichnmetal* 
Sterr(Mnetal.  Iron  and  tin.  Hardening  the  tops  qf  rails  with  tin, 
StirKng*s  patent.  Action  of  tin  on  ta»t  iron,  iron  and  manganese ; 
titanium  J  lead;  bismuth;  nickel;  cobalt ;  mercury ;  silver;,  gold  £ 
platinum;  rhodium;  aluminium;  chromium;  tungsten. 

Ores  of  Iron. — Ph;fsical  properties  and  chemical  composition  of 
Magnetic  oxide  of  iron,  magnetite.   Franklinite, .  Red  hennatite,  red 
ore  or  anhydrous  ses^uioxide  of  iron.  Brown  hsnnatite,  brown  iron^^ore, 
or  h^dnited  scsquioxide  of  iron.   Spathic  carbonate*  or  sparry  iron  ore. 
Argillacious  iron  ores,  day  or  dayband  ironstones* 

Assaying  of  iron  ores  by  dry  and  wet  methods. 
.  Direct  Extraction  of  Iron  in  the  Malleable  State  firom  the  Ore, — Iron 
Smelting  in  India,  Bunna,  Borneo,  Africa,  and  Madagascar.  Catalan 
IVooess;  trompe,  or  blowing  machine.  Its  advantages  and  disad- 
vantages. Water  wheel,  hammer,  and  anvil.  Theory  of  the  process. 
Conditions  affecting  the  quality  of  the  iron  produced.  Characters  of  the 
iron  produced.  The  Osmund  fimtace.  Stiickhofen  or  High  Bloomery 
Furnaoe.  Clay* s  process.  Renton's  process.  Chenot^s  process.  Indirect 
Extraction  of  Iron  in  the  State  of  Cast  Iron  firom  the  Ore. — Swedish 
charcoal  blast  furnace  ;  mine  kiln.  Pressure  of  the  blast.  Temperature 
of  the  blast.  Iron  ores  employed.  Most  important  iron  mines  in  Sweden, 
Smelting  of  lake  and  bog  iron  ores  in  Sweden.  Description  of  the  modem 
blast  mruBce ;  foundation,  hearth,  twyer  openings,  twjrer,  tunnel  head, 
bracing,  blast  main,  and  blast  pipes,  blast  engines.  Cmder  tubs.  C&e- 
mical  phenomena  of  the  modem  blast  fwmace.    Hot  Blast. — ^Neilson'a 

I  natent.  When  first  put  into  operation.  Apparatus  for  heating  the  blast* 

Neilson^s first  apparatus.  CasUiron  tubular  oven.  Syphon  pipe,  box-foot 
pipe,  spiral  pipe,  and  pipe-within-p^e  oven.    Gas  oven.   Round  or  oval 

\  oven.    Theory  of  the  hot  blast.   Saving  of  fuel.    Water-twyers.  The 

Gases  of  Iron-smelting  Blast  Furnaces. — Composition  of  the  gases 
of  the  Furnace.  Production  ^  cyanogen  in  the  blast  fwmace.  Temr 
perature  of  the  blastfurnace  at  different  depths.  Utilization  of  the  gases 
escaping  from  blast  furnaces.  The  waste  gas.''  Modes  of  taking  off 
the  gases  with  open-mouthed  and  with  dose-mouthed  frurnaoes.  Solid 
matter  carried  over  with  the  waste  'gas.  The  best  form  of  the  blast 
furnace.  Decrease  in  volume  which  the  materials  undergo  during  their 
descent.  Elliptical  furnaoe.  Rectangular  or  Rachettejumacfi.  Blowing 
in  a  blastfurnace.  Tapping.  Sand-bed  for  casting.  Derangements 
in  the  working,  scaffolamg,  and  slips.  Loss  of  iron  in  the  slag. 
Indications  afforded  by  colour  of  slags.  Spontaneous  disint^fration. 
Potash  in  slags.  Accidental  products  of  blast  furnaces.  SiUea, 
Furnace  cadmia  or  calamine.  Cyanonitride  of  titanium.  Graphite  or 
kish.  Reduction  of  phosphoric  acid  in  the  blast  Aimaoe,  and  passage 
of  the  phosphorus  into  the  pig  iron.  Economical  application  of  blut 
Aimace  slags.  Effects  of  long  continued  heat  upon  sandstone  in  the  hearth 
bottom.  Substitution  of  lime  for  limestone  as  a  fiux.  Application  qf 
chloride  of  sodium.  Explosions  in  blast  furnaces.  Poisoning  by  gas 
accidentally  escapiucfrom  blast  furnaces.   Yidds  of  blast  furnaces. 

Various  kinds  of  Pig  Iron. — Spiegdeisen.  Pig  iron  made  from  mag- 
netic iron  ore.  Do.  from  red  hematite.  Bo.  from  brown  hematite.  Pig 
iron  produced  exclusively  from  Northamptonshire  ore.  Do.  wholly  or 
chiefly  from  argillaceoua  iron  ore  of  tiie  coal  measures.  Yorkshire, 
Derbyshire.  South  Staffordshire.  North  Staffordshire.  South  fVales. 
Do. from  Cleveland  ore.    TUaniferous  pig  iron. 

Induction  of  Malleable  Iron  from  Cast  Iron.— South  Wdsh  process ; 
the  hollow  fire.  Swedish  Lancashire  Hearth ;  Walloon  process,  as  con- 
ducted  in  Sweden.  Corinthian  process.  Slags  or  cinders  produced  in 
finery  processes.   Running  out  fire  or  refineiy;  composition  of  refined 
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iron;  do. itfinoj alags  or  oinden.  PaddHng;  paddlmg fbniBoe.  In- 
Tention  of  iron  bottoms ;  maaipnlation ;  theoiy  of  the  process ;  com- 
position of  tap  cinder;  invention  of  the  boiling  process;  donble  pud- 
dfing'  fiimaoes.  Mechatdeal  puddling^  ApvUeation  of  wute  olaMt 
fkrmaee  gas  to  puddUng.  Siemens  gas  paddling  fumace:  nrineipU 
cftkefiarnaee.  ne  gas  producers.  Construction.  Puddling  wtth  dried 
wood.  Stannping  and  assorting  middled  halls.  Utilization  of  the  waste 
heal  of  puddling  furnaces.  Woridng  of  the  Ball. — Forge  hammers ; 
titt  hammers.  Helves  or  lift  hammers.  Steam  forge  hammers:  Nasmgth's. 
Condie's.  Squeesers;  crocodile.  Horisontal  rotary.  Vertical  rotaiy. 
Btdm's  shingling  machine.  Puddling  or  puddle  rolls.  Compositum  of 
puddled  bars.  Working  of  the  Puddled  Bar  into  Merchant  or  Finished 
Iron. — Bcheating  furnace ;  with  coal  as  ftiel.  With  gaseous  fhel,  or 
gaa-vtlding  funiace.  Piling.  Accidents  in  rolling  mills.  Yield  qf 
puddled  aid  Jmisked  iron.  Manuftusture  of  rails.  Composiiion  of  the 
cinder  from  the  reheating  furnace. 

Varieties  of  Sheet  Iron  and  Slit  Rods.— Tin  plates.  Charcoal  plates. 
Coke  flates.  Belgian  sheets.  Russian  sheets.  SUt  rods.  Special 
Quiditiea  of  Iron. — South  Yorkshire.  Process  of  manufacture  at  Low* 
moor,  Bovlingy  and  Famltr.  South  Staffbrdshire.  Swedish  iron. 
Banmemora.  Russian  iron.  Boat  plates.  Armour  plates :  rolled:  hamr 
mered.   Mending  broken  rolls. 

Permanent  enpansion  of  cast  iron  by  exposure  to  long  continued  heat 
at  or  aboce  redness.   Dilatation  of  east  iron  by  heat. 

Production  of  Steel. — Bj  the  Addition  of  Carbon  to  Malleable  Iron : 
In  the  direct  reduction  of  iron  ores  at  one  operation.  In  the  Catalan 
process.  In  crucibles.  In  converting  furnaces.  Carburization  of  iron 
as  a  distinctjprocess;  carburization  of  pulverulent  iron.  Chenot's  pro» 
cess.  Cazburaation  of  bar  iron.  Converting  ibraace.  Carburigation  by 
gaseous  confounds  of  carbon.  Carburixation  by  fusing  compact  iron 
witk  carbonaceous  matter;  IRndoo  process.  Wootz.  Mushefs  steel. 
Bj the  partial  Decarburization  of  Cast  Iron: — Bv  fUsing  in  hearths. 
£^  puddling.  Compoution  of  puddled  steel.  Uehatius  process.  By 
cementition.  By  Fusion  of  Pig  Iron  with  Malleable  Iron : — Jfltmerfioa 
of  malleable  iron  in  molten  cast  iron.  By  Blowing  Atmospheric  Air 
tim>Dgfa  Molten  l^g  Iron. — Bessemer  process.  Description  of  the  appa- 
ratuB.  Parry's  process  of  manufiusturing  iron  and  steel.  Casting  of 
SteeL — Furnaces  and  crucibles.  Fusion  of  steel  in  the  reverbenSoiy 
fomaoe.  The  addition  of  manaanese  in  the  casting  of  steel.  Manipula^ 
lion  <^  Steel. — Hardening  and  tempering  steel.  Metallic  baths  for  the 
use  ^  working  cutlers.  Theory  of  hardemuff  and  tempering  steel.  Ham- 
mering steel.  Welding  steel.  Shear  steel.  Casting  steel  on  wrought 
wvn.  Damaskeentng. 

Lead. 

fliysical  and  Chemical  Properties.  Dilatation  by  heat.  Conductioity 
for  heat  and  ^ectricity.  Action  of  heat.  Autogenous  soldering. 
Action  of  air,  of  water,  of  carbonic  acH  of  dioxide  pf  copper,  and  of 
adds  upon  lead.  Protoxide ;  mode  of  formation  b^  dry  and  wet  methods. 
PhTsical  characters  of  massicot  and  litharge.  Action  of  heat.  Action  of 
caroon,  of  hydrogen,  and  of  carbonic  oxide.  Fusibility  with  metallic 
oxides.  Actum  metals  when  heated  with  protoxide  of  lead.  Dioxide: 
Bino]dde ;  mode  of  formation .  Sesquioxide  :  Red  lead ;  process  of  manu- 
hctwee.  Physical  and  chemical  properties.  Action  of  heat.  Action  of 
acids.  Sulphide;  physical  and  chemical  properties.  Action  of  heat  and 
air  npoa  sulphide  of  lead ;  in  the  presence  of  iron  pyrites  and  of  blende. 
Aetion  qfkyarogen  and  of  steam  upon  sulphide  of  lead.  Action  of  protoxide 
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^lead,  eilkfttes  of  piotozidfo  o£l«ad,  of  oflb Jier,  qf  oa^Aooote  qfwoAi,  ai 
-oyMiide  of  potaasiuin,  of  alkaUn  and  alkaline  eubonaies  and  carboB, 
of  lime  and  oarbon»  of  peroxide  of  iron  and  earhon^  of  mteate  of 
potash,  of  chloride  qf  sodium^  of  iron,  of  tin,  and  of  copper  when  heated 
with  aulphide  of  lead.  Combination  oi  snlphide  of  Wad  with  otiur  md- 
P|hides.  Subeu^hides  qf  lead.  Sulphate;  phyeical  and  chemical  propeg- 
ties.  Action  of  heat^  Action  of  carbon,  ox  iron,  of  lead,  of  protoxide  of 
lead,  of  sulphide  of  lead,  of  chloride  of  lead,  of  silica^  of  lime,  of  chloride 
qf  sodium,  and  of  cyanide  of  potassium,  upon  si^hate  of  lead.  Smlpkaie 
^  lead  andfluar  spar.  Lead  and  Ffaosphoma.  Fhoaphide ;  phoiqilkatea. 
Lead  and  Anenio.  Action  of  arsenious  add  on  lead,  Anmuate  of  InmL 
Silicateeof  IVotoxide  oflead.  Methods  of  formation.  FnsibilitT.  Action 
of  carbon,  of  sulphur,  of  sulphide  of  iron,  of  iron,  of  Ume,  of  Ume  mmd 
carbon,  of  peroxide  of  iron  and  carbon  upon  silicates  of  protoiide  of 
lead.  SiUcates  of  protoaide  of  lead  and  potash,  SiMcates  of  protosMe 
of  lead  and  lime.  Silicates  of  protoxide  of  lead,  lime,  and  ahamima. 
Borates  of  protoxide  </  lead.   Gsrbonate ;  white  lead.   Action  ai  heat. 

Alloys  of  Lead. — Lead  and  antimony ;  rino;  copper;  mercury  i  9M: 
flilver. 

Ores  of  Lead. — Phyneal  character  and  chemical  oompontioD  of  .- 
Ckdena  or  sulphide  of  lead.  Ceruaite,  or  carbonate  of  protoxide  of  lead. 
Angleaite  or  sulphate  of  protoxide  of  lead.  Pyromorpliite  or  phoqihaAe 
of  protoxide  or  lead.  Mimetisite  or  aiaeniato  of  protoxide  of  lead. 
Minerals  occurring  with  galena. 

Methods  of  assaying  Liead  Ores. 

Extraction  of  Lead  from  the  Ore. — ^In  air  fumaees :  Old  Sngliah 
process.  Pemetoa  m-ocest.  Spamsh  process.  In  Mast  tomaoea : 
doo  process.  Ore  nearth. — Construction  of  the  ftamaoes,  metiiod  of 
working,  nature  of  the  products,  chemical  composition  qf  the  prodmeta 
and  chemical  reactions  which  occnrin  the  process.  American  ore  hoearth,-^ 
Peenliarity,  Advantages.  German  metnod  with  iron,  or  prrnnpatatkm 
process." — Description  of  ftimaces,  mode  of  woriung,  natoie  of  the 
products,  chemidd  composition  of  the  prodncts  and  chemieal  jwiWyfar 
smoohed.  Composition  qf  lead  speise.  Smelting  of  regulus.  Gbennan 
method  with  silicate  of  protoxide  of  iron,  or  iron  refinery  ahiga.  Ib 
rererbexatoiy  furnaces :  Derbyshire  fumaoe. — Process,  deacnption  of  the 
fhmace,  nature  and  con^sition  of  the  prodncts  and  chemical  reaoiioma 
tnoohnd.  Flintaliire  ftirnace. — Process,  peculiarities,  nature  of  the  pao> 
ducts,  chemical  composition  of  the  prodncts  and  chemical  reactions  sAsck 
occnr.  Action  qf  lime.  Cornish  process. — Deaoriptkm  of  ^ealcinary^ 
and  of  "  flowing  fdmaees."  Nature  of  the  products.  Chemical  rofapoaai 
tion  of  prodncts.  Action  of  iron,  Bieibtfg  prooeas. — PecoliaRfeiea  of 
the  process,  character  of  fdmaoe.  Method  of  working,  nature  of  the 
products  and  chemical  composition  of  products.  Modifications  qfprocess. 
Smelting  of  lead  slags  :  Slag  hearth. — Description  of  furnace,  mode  of 
working,  composition  of  prothicts  and  chemical  reactions  involved.  Spanish 
dag  hMrth. — Description  of  furnace,  mode  of  working,  natnm  of  pro- 


Reduction  of  litharge.  Softening  of  hard  lead.  Smelting  of  anlphaie 
of  protoxide  of  lead  ore.   Composition  of  the  prodncts. 

Extraction  of  Silver  £rom  Lead.— Fi&tinaon's  proce88.^neDff3r  qftic 
process,  methods  of  working,  description  of  the  apparatus  and  m» 
dianical  appliances.  Limit  of  concentration.  Effect  qf  foreign  asetalsi 
Parkes'  process. — Methods  of  working.  Princ^les  involved.  KngHaih 
process  of  cupellation. — Construction  of  furnace,  mode  of  condoetxii^ 
the  process,  nature  of  the  products,  chemictd  composition  of  thcprodsKta 
and  chemieal  reactions  involved^  Gennan  process  of  cupellation  (ab- 
treiben). — Description  of  ftimace,  mode  of  conducting  the  pioeea% 
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>of  thfr  peodiicli  and  ttowcdl  eou^^oMtm  ofprodmets^  Rdhunir 
Ql«'jaiidMaMr."— In  open  test  Undoramnflla. 

■tos  for  eomtenAng  Lead  Fume.   PhTsioal  prc^Mrties  and 
'  cM^wfituw  of  lead  fume.  Vaxiefciea  of  Lead  in  CommeKoe. 
ooetumg  in  lead.   Methods  of  testit^f  for  metahpreamU  m 


SlLVBB* 

PhfMl  and  diemical  piopertiee.   DikUiUiom  bw  heat.  Condmetmni^ 
fit  kiat  oad  dee^icUp.  Sp^^fie  heat.   Action  of  neat,  of  heat  and  ais, 
of  nitre,  tf  chloride  of  sodmn,  of  oxide  of  copper,  of  protoxide  of  kad» 
ef  mlpMe  of  prtxtomde  of  eopper,  and  of  aeioa  upon  ailver.   I^yer  and 
Oxygen,  mtoxide;  physical  and  chemical  propertiee.   Methoda  of 
prddiidDg.  Action  of  heat.  Action  of  carhon.   Action  of  chlorine. 
Silrer  and  Sulphur.    Sulphide;  physical  and  chemical  properties. 
Modes  of  formation.   Action  of  heat.  Action  of  heat  and  air.  Action 
ofhsat  and  air  in  the  preaenoe  of  iron  pyritea»  copper  pytitee,  dimUpkide 
ef  ccfper,  blende,  emd  galena.  Action      hydrogen,  of  steam,  of  add^, 
ci  iutie»  of  iron,  of  lead,  of  copper,  and  of  w^erenrf  won  salphide  ^ 
siker.  Comhination  with  other  aulphidee.   "  Oaidiseasikfer'^ process, 
Swlphatf ;  phyBiesd  and  fthemioal  properties.    Mode  of  producing. 
AetiOD  of  heat.  Action  of  dihnide  of  sodium.   Mode  of  fonnation  of 
esmpound  of  sulphide  and  sulohaite  of  silver.  SoMnliig  m  water*  Sat- 
pkite:  hypoeolphite ;  methoa  of  preparation.  Action  qf  hydrcchlone 
acid  npon.l  Action  of  hyposulphite  of  soda  on  chloride  of  sihrer. 
NUata;  physical  and  cheinical  propertiea.   Action  of  heat.   Method  of 
sepscation  fimn  nitrate  of  protoxide  of  copper,  ilc^ioa  of  earkon  and 
phssphoms  open  solmtions  of   Silver  and  Cntotine.   Chloride ;  physical 
and  flhanical  ]»operties.   Methods  of  fonnation  hv  d^  and  wet  pvo^ 
MMs.  Memos  of  reduction  hy  carbonate  of  8oda>  oj  oaibonale  of 
lime,  hy  cine.  Action  of  hydrogen,  of  acids,  of  chloride  of  sodium,  of 
tgmtide     potassimn,  of  iron,  lead,  copper,  tin,  antimony,  arsenic,  m«r- 
cary,  oC  sulphur,  of  metallio  sulphides,  and  of  protoxide  a£  lead  upon 
bfaloride  of  sQyer.   Silver  and  bromine.  Silver  and  iodine.  Silver  and 
piomkonuL  S^er  and  arsenic, 

Attoysof  SilTer.--Silyer  and  lead;  copper;  gold;  nac/  paUadismi; 


ikes  of  SiWcr. — Pl^iical  ohaiaotera  and  chemical  eompoaitiea  of: 
NiAife  silver,  ^tct  glsmos  or  sulphide  of  silver.  Sulphide  of  silver 
end  copper.  Antimonul  silver.  Ruby  silver  or  sulphide  of  ailver  and 
satbnoiqr.  Mttie  silver  glanoe.  Sulphide  of  silver  and  aisenio.  Pdv- 
hsste.  Snlplttde  of  sflrer,  antioionT,  and  lead.  Horn  silver  or  ehlorioe 
of  sifarer.   Broaude  of  siher.   Iodide  t(f  silver.   Nature  qf  metalliferous 

Assojfina  of  ores  and  alloys  afsOiser  by  the  dry  and  wei  methods, 
Menoda  of  Extraetion. — ^Extiaetion  of  silver  htm  argentiferoM 
copper :  Equation  process,  or  "  Saigenirbeif— Description  of  fumaoe. 
Itode  of  operation.  Nature  of  the  products.  Chemical  principles 
meoloed.  £xferaction  of  silver  from  the  ore:  Mexican  amafgamatjon 
process.— Apparatus  emploved,  materials  used,  method  of  working, 
nature  of  th&  products  and  chemieal  princqfles  involved.  Specialties  of 
the  process.  Working  of  the  silver  amalgam.  Application  of  copper 
amtdgam.  Loss  ef  stiver  in  the  process.  Chloriae  of  silver  process, 
WnSoag  analflaniBtion  process. — ^Description  of  furnaces  and  appamtna, 
Mode  of  working  and  chemical  primaples  involved.  ComposOkm  silver 
'  m,  Mediod  of  separatKDg  the  silver  from  the  amalgam.  Amalga" 
qf  argeniifenms  speise.  Amalgamaiion  ef  argent^eram  copper 
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regnku.  Extraction  of  silver  from  argentiferoiu  regains :  Ziervof^el's 
process. — Description  of  the  furnaces  and  apparatus  employed,  method 
of  operation,  nature  of  the  products,  and  ehemieid  reaeHoM  itwolved  •» 
various  operatioM.  SpectaUies  the  process,  Augustin's  prooeaa* — 
Description  of  the  process  and  chemusal  principles  tmoohed.  Von 
Patera  s  method. — Apparatus  used,  materials  employed,  products  ob- 
tained, and  chemical  reactions  in  the  process.  Extraction  of  silver  from  oix 
by  means  of  lead :  Furnaces  used,  method  of  working,  nature  of  the 
products.  Chemical  composition  the  products  and  chemical  reaeiionM 
involved.  Methods  of  plating  or  silvering :  Old  methods.  On  copper. 
On  steel.  Method  of  silvering  without  the  use  of  "  batteries."  Str^* 
ping  of  sUver  plate. 

Varieties  of  silver  in  commerce.  Metals  occurring  in  silver.  MHhods 
of  testing  silver  for  foreign  metals. 

Gold. 

Physical  and  chemical  properties.  Dilatation  by  heat.  CondmetiicUg 
for  heat  and  electricity.  Action  of  heat.  Protoxide:  physical  pro^ 
perties,  mode  of  preparation,  action  of  hydrochloric  acid.  Teroxide ; 
physical  and  chemical  properties.  Protosulphide ;  methods  of  forma- 
tion, physical  characters.  Tersulphide;  mode  of  producing,  phyncal 
characters,  action  of  beat,  of  chlorinCy  qf  hyposulphite  of  soda,  ana  cf  pot- 
ash upon  tersulphide  of  gold.  Gold  and  vhosmhorus.  Gold  and  arsenic. 
Gold  and  chlorine ;  protoehloride :  terohloride ;  methods  of  formation. 
Action  of  oxalic  add,  of  sulphate  of  protoxide  of  iron,  of  terehloride  «^ 
antimony  and  of  chloride  of  arsenio  on  solutions  of  chloride  of  gold. 
Preparation  of  purple  (/  Cassius.   Method  of  colouring  **  ruby  glass?' 

Alloys  of  gold. — Gold  and  copper;  tine:  silver;  leiul;  tin:  antimomy; 
iridium:  platinum  :  palladium:  copper  and  zinc ;  silver  and  copper. 

Use  of  the  touchstone.   Definition  of  the  terms  *'standmd"  amd 

carat:' 

Ores  of  Gold. — Native  gold ;  physical  character  and  chemical  compo- 
sition. Various  metalliferous  minerals  containing  gold.  Auriferous 
quajrts. 

Assaying  of  ores  and  alloys  of  gold  by  dry  and  wet  methods, 
'  Methods  of  Extraction. — ^Amalgamation  of  quarts  containing  gold  ; 
apparatus  employed,  mode  of  working,  nature  of  the  produ^,  and 
method  of  extracting  the  gold  f^m  the  amalgam.  Longmai^s process, 
Anossow's  process  by  means  of  iron.  Plattner's  process  by  chlorime, 
Mdting  of  gold  dust.   Sweep  refining. 

Separation  of  Gold  from  Suver  and  Copper.  Parting. — Dir  metiiods  : 
By  litharge  and  sulphur.  By  cementation ;  description  of  the  process. 
Chemical  reactions  involved.  By  sulphur.  Wet  methods :  Nitric  acid 
process ;  apparatus  used,  method  of  working,  and  chemical  prine^les 
involved.  Sulphuric  acid  process ;  apparatus  employed,  mode  of  work- 
ing, and  chemical  reactions  involved.  Mediations  of  the  process, 
Rmning  fold  containing  silver  by  chlorine. 

Varieties  of  Gold  in  Commerce.  Methods  of  detecting  copper^  silver^ 
lead,  tin,  antimony,  platinwn,  palladium,  and  iridium  tn  goUL 

Mercury  or  Quicksilver. 

Physical  and  chemical  properties.  Action  of  heat,  of  air,  adds, 
and  of  chlorine  upon  mercury.  SvJboxide  ;  physical  and  chemical  proper* 
ties.  Protoxide  or  red  oxide ;  mode  of  formation,  physical  and  ehenkcai 
properties.  Action  of  heat.  Subsulphide  :  physical  mid  chemical  f^roperm^ 
ties.  Protosulphide  or  vennilion;  methoos  of  preparation,  physicdland 
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ehmM  properties.  Action  of  heat,  of  heat  and  ur,  of  hydrogen,  of 
iioa,  of  lime,  of  alkalies,  of  chlornie,  and  tf  acids  upon  protosulphide. 
Subehloride ;  physical  and  chemical  properties.  Protochloride;  physical 
and  chemical  properties. 

Amalgams. — Mercury  and  silver ;  gold ;  copper ;  iron  :  sodium. 

Ores  of  Mercury. — Physical  characters  and  chemical  composition  of: 
^9jm  mercuiy.  Cinnabar.  Native  amalgan.  Fahlore  containing  mer^ 
<iary.  Nature  of  other  minerals  containing  mercury. 

Methods  of  assaying  of  ores  qf  mercury, 

Melfaods  of  Extraction. — Description  of  furnace,  method  of  operation, 
•aatOR  of  the  products,  ftnd  chemical  reactions  involved  in  the  rollowing 
JD^ods:  Huanacavelica  process,  Almaden  process,  Idrian  process. 
Leopold  furnace  prooess.  Alberti  process.  Hiihner's  5imace  process. 
GaUery  firnace  process,   Fahlore  process, 

Impmities  present  in  mercury.  Methods  of  testing  mercury  for  foreign 
metsls.  Modes  of  purifying  commercial  varieties  of  mercury.  Water 
gilding. 

Cobalt. 

Physical  and  chemical  properties  of  the  metal.  Methods  of  prepamo 
^n.  Protoxide ;  mode  of  formation,  physical  and  chemical  properties. 
Action  of  hydrogen,  Sesquioxide ;  methods  of  preparation,  physicsd  and 
chemieal  properties.  Action  of  carbon.  Physical  and  chemical  properties 
and  mode  of  producing  the  compounds  of  cobalt  and  arsenic.  Arseniate 
of  cobalt, 

Om  of  Cobalt. — Physical  character  and  chemical  con^i>osition  of: 
Cobalt  glance.  Smaltine.  Cobalt  bloom.  Nature  of  other  minerals 
conteimMg  cobalt. 

Methods  of  estimating  cobalt. 

Cobalt  products. — Smalts;  mode  of  preparation.  Apparatus  used. 
Nature  of  the  products.  Chemical  composition  of  the  products.  Chemical 
priseiples  involved  in  the  manufacture.  Uses  of  smalts  and  oxide  of 
cobalt  Silicate  of  protoxide  of  cobalt ;  mode  of  obtaining.  Physical 
characters.  Rinmann*s  green  ;  mode  of  preparation.  Nature  of.  Chemical 
composition,  Thenard's  blue ;  mode  of  preparation.  Nature  of .  Chemical 
composition.  Phosphate  of  cobalt.  Printers'  blue  3  application.  Mode 
of  prepacation.   >  ature  of.   Chemical  composition. 


Nickel. 

Phyrical  and  chemical  properties  of  the  metal.  Physical  and  chemical 
properties  of  protoxide  ana  peroxide  of  nickel.  Action  of  hydrogen. 
Action  of  carbon.  Physical  and  chemical  properties  and  moie  of  obtain- 
ing  compounds  of  nickel  and  sulphur.  Physical  and  chemical  properties 
of  the  compounds  of  nickel  and  arsenic.  Nickel  speise;  chemical  com-' 
pomtum.  Pottery  nickel.  Action  of  heat  and  air  upon  arsenide  of  iron, 
cobalt,  and  nickel,  . 

Alloys  of  Nickel.— German  silver;  mode  of  preparation,  physical 
characters  and  composition  of  the  commercial  varieties.  Nature  and 
con^Htsition  of  other  alloys  containing  nickel. 

Ores  of  Nickel. — Physical  characters  and  chemical  composition  of: 
Knpfemickel.  Nickeliferous  pyrites.  Arsenical  nickel.  Nickel  prlance. 
MiUerite.   Nature  of  other  minerals  eontainisig  nickel.   Meteoric  iron. 

Methods  of  assaying  nickel  ores. 

Methods  of  Extraction. — ^Apparatus  employed,  mode  of  workmg, 
nature  of  the  products,  and  chemieal  reactions  involved. 
Commercial  varieties  of  nickel.   Foret^  metals  occurring  in  nickel, 
£4375.  I 
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Arsenic. 

Physical  and  chemical  i)roperties.  Action  of  heat,  and  of  heat  and  air 
upon  the  metAl.  Physical  and  chemical  propertieSj  and  methods  of 
preparation  of  the  compounds  of  arsenic  and  oxygen.  Action  of  Uffkt, 
Action  of  heat.  Action  of  carbon,  of  hydrogen,  and  of  carbonie  oMe 
upon  arsenious  acid.  Physical  and  chemical  properties,  and  methods  o€ 
ODtaining  the  compounds  of  arsenic  and  sulphur.  Action  of  heat,  of 
carbonate  of  soda  and  carbon,  and  of  cyanide  of  potasmm  «|Mm  the  md^ 
phides  of  arsenic. 

Ores  of  Arsenic— Physical  characters  and  chemical  coii^ositiom  of: 
Native  arsenic.  Realgar.  Orpiment.  Mispickel.  Arsenical  iron  pyrites. 
Nature  of  other  minerals  containing  arsenic. 

Methods  of  estimating  arsenic. 

Methods  used  for  obtaining  White  Arsenic. — Description  of  appa- 
ratus, methods  of  working,  nature  of  the  products  and  chemical  rtactioms 
involved.  Methods  of  r&ning  white  arsenic ;  description  of  appamtas, 
mode  of  working,  and  nature  of  products.  Preparation  and  chemical 
composition  of  yellow  arsenic  glass.  Preparation  and  chemical  composi^ 
tUm  of  red  arsenic  glass.   Preparation  of  metallic  arsenic. 

Applications  of  arsenic  and  its  various  compounds.  Nature  and 
chemical  composition  of  Emerald  Green  and  Sch€el€*s  green.  Opalescent 
glass.   Mode  of  producing  Green  bronze. 

Antimony. 

Physical  and  chemical  properties  of  the  metal.  Physical  and  chemical 
properties,  and  methods  of  formation  of  the  following  oxides  of  anti- 
mony : — Teroxide ;  action  of  carbon,  of  cyanide  of  potassium,  and  of 
sulphur,  upon  teroxide  of  antimony.  Intermediate  oxide.  Antimonic 
acid ;  action  of  heat.  Tersulphide ;  methods  of  fbrmation.  Physical 
and  chemical  properties.  .  Action  of  heat,  of  heat  and  air,  of  steam^  of 
carbon,  of  carbonic  oxide,  of  cyanide  of  potassium,  of  nitre,  of  iron,  of 
copper,  of  ^tft,  and  of  acids  upon  tersulphide  of  antimony.  Glass  of 
antmiony.   Liver  of  antimonjr. 

Alloys  of  Antimony. — ^Antimony  and  lead.  Action  of  heat  and  air 
upon  alloys  of  antimony  and  lead.  Antimoniates  of  protoxide  of  lead, 
Naples  yellow.  Composition  of  type  metal  and  stereo^rpe  metaL 
Antimony  and  iron;  copper ;  "  R»gulus  venus'*  tin.  Other  aUoys 
containing  antimony  used  tn  the  arts. 

Ores  of  Antimony. — Physical  characters  and  chemical  composiiion  ef: 
Natioe  antimony.  Antimony  glance.  Valentinite.  Antimony  odire. 
Red  antimony  ore.   Nature  ^  other  minerals  eontaininff  antimony. 

Assaying  of  ores  of  antimony, 

Methocu  oi  Extraction. — ^Apparatus  used,  methods  of  working,  nature 
of  the  products.  Chemical  composition  qf  the  products,  and  chemical 
reactions  invohed  in  the  following  methods  :  —  Liquation  pfooesa. 
Reduction  by  iron,  English  process.   French  method. 

Foreign  metals  occurring  m  antimony.  Methods  testing  for  foreign 
metals. 

Tin. 

Physical  and  chemical  ^nopertiesof  the  metal.  Aetion  of  heat,  of  air, 
of  heat  and  air,  and  of  acide  upon  the  metal.  Aetion  of  tin  on  vorioat 
metallic  oxides.  Physical  and  chemical  properties  of  the  following ; — 
Protoxide;  Sesquioxide;  Binozide;  Putty  powder.'*  Staunate  of 
soda.  Physical  and  chemical  properties  of  the  fbllowing Fhytoauf- 
phide;  Per  sulphide:  Protochloride  j  Perehloride,   Tin  and  Arsenic. 
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AHoTS  of  Tin,— Tin  and  copper.  Physical  properties  and  composi* 
tion  of  bronse.  Bell  metal,  and  Speculum  metal.  Castlnf^  of  Bronze. 
Tin  and  anthnony.  Britannia  met«l.  Tin  and  zinc.  Tin  and  lead. 
Fenier.  Solder.  Soldering.  Tin,  lead,  and  copper,  Roman  pot  metal 
Other  aUofs  employed  containing  tin.  Bearing  metal.  Amalgam  for 
cliefricsl  mneAtiies.   71m  bronze.    Tinning  of  brass  pins. 

Ores  of  Tin.  —  Nature  and  chemical  composition  of  Cassiterite. 
•*  StKun  tin/'   "  Mine  tin.*'   "  Wood  tin.''    Tin  pyntes  or  bell-metal 
ore.  Minerals  occurring  with  tin  ores. 
Assaymg  of  tin  ores. 

Smelting  of  Hn  Ores. — In  reverberatory  and  blast  furnaces.  ^  De- 
aeription  <J  furnaces  used,  methods  of  working,  nature  of  the  products, 
€kemeal  composition  of  the  products,  arid  chemical  reactions  involved. 
Refining  of  tin.    Oxland's  process. 

CommeRnd  Varieties  of  Tin. — Common  tin.  Refined  tin.  Graii\ 
tin.  Block  tin.  Fdreign  metals  occurring  in  tin.  Methods  of  testing  for 
foreign  metals. 

Bismuth. 

Physical  and  chemical  properties.  Action  of  heat,  of  air,  qf  steam, 
md  of  ackf^  upon  bismuth.  Teroxide ;  mode  of  formation.  Physical  and 
cheiHital  properties.  Action  of  carbon.  Protoxide.  Tersidphide; 
methods  of  formation.  Physical  and  chemical  properties.  Action  of 
heat  Action  of  hydrogen.  Action  of  metals  when  heated  with  Tersul- 
phide  of  Bismuth, 

AlloTS  of  Bismuth. — Nature  and  composition  of  alloys  containing 
Inamuth  emplc^ed. 

Ores  of  Bismuth. — Names  of  various  minerals  containing  bismuth. 
Phyneal  characters  and  chemical  composition  <f  minerals  containing 
bismMtk. 

Methods  of  estvnaHf^  bismuth. 

Methods  of  Extraction. — Apparatus  used.  Description  of  processes, 
ond  chemical  actions  involved  in  the  various  methods.  Old  methods. 
Recent  metihods.   Flattner's  tonace. 

fMgn  metals  occurring  in  bismuth.  Methods  of  testing  for  foreign 
metals. 

Platinum. 

Physical  and  chemical  properties  of  the  metal.  The  properties  qf 
Platinmn  black  and  Spongy  platinum,  and  methods  of  formation. 

Ores  of  Platinum.— Native  platinum.  Physical  characters.  Metals 
oecurring  t».  Minerals  associated  unth. 

Methods  of  Extraction.— Wet  method.  DeviUe's  method.  Melting 
of  platinum.    Working  of  platinum. 


SUBJECT  XX.— NAVIGATION. 

First  Stags  or  Elbmbntary  Course. 

General  Notions.— Yiguit  of  the  earth ;  earth's  diameter,  axis,  poles. 
Meridiana ;  equator,  equinoctial.  Parallels  of  latitude ;  latitude,  longi* 
tade.  Difference  of  latitude;  difference  of  longitude.  Rhumb  line; 
course ;  nautical  distance,  meridian  distance  ;  departure. 

Examples  of  differences  of  latitude  and  longitude.  The  meridian 
distance  is  equal  to  the  difference  of  longitude  multiplied  by  cosine  of 

I2 
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latitude.  When  a  ship  is  sailing  on  a  parallel  of  latitude : —  (1),  given, 
the  distance  made  good  and  latitude  to  find  the  difference  of 
longitude;  (2),  given  the  difference  of  longitude  and  the  latitude  to 
find  the  distance ;  (3),  given  the  meridian  distance  and  the  difference 
of  longitude  to  find  the  latitude. 

T%e  Compass, — Description  ;  Points.  Number  of  degrees,  minuteSy 
and  seconds  in  a  point,  i  point,  i  point,  f  point.  To  reduce  points  and 
parts  of  points  into  degrees,  minutes,  and  seconds,  and  convenely. 

Variation  of  the  Compass:  easterly,  westerly.  How  to  be  allowed 
(1)  when  it  is  required  to  find  the  true  from  compass  course ;  (2),  to  find 
compass  course  from  true. 

Causes  of  Local  Deviation. — How  the  amount  of  local  deviation  is 
ascertained  practically ;  how  allowed.  Examples  of  conection  of  courses 
for  variation  and  deviation. 

Leeway. — Definition.  Starboard  tack,  port  tack,  close-hauled.  Hoir 
leeway  is  to  be  allowed.  Examples. 

The  Lo^.— Description.    How  divided. 

Plane  Sailing, — Construction  of  figures.   Proof  of  formulae  used  in 

Slane  sailing,  vis.,  connecting  nautical  distance,  difference  of  latitude, 
eparture  and  course.  Examples. 
Traverse  Sailinff, — Definition  of  a  traverse.   To  resolve  a  traverse. 
Construction  of  traverse  table.  Examples. 
Middle  Latitude  Sailing. — ^To  prove  the  formulae  used.  Examples. 

Second  Stage  or  Advanced  Course. 

Mereator's  Projection  and  Chart, — -Description.  How  meridians  are 
laid  down,  and  divided  for  representation  of  the  latitudes.  Chief  value 
of  the  cluut  is  : — *'  That  the  angle  which  a  straight  line  joining  any  two 

places  on  a  chart  makes  with  the  meridians  is  equal  to  that  which  the 

rhumb  line  joining  the  same  two  places  on  the  globe  makes  with  the 
"  meridians     proof  of  this. 

To  draw  a  Mereator's  chart.  To  find  the  latitude  and  longitude  of  any 
place  on  the  chart,  and  vice  versd,  from  the  latitude  and  longitude  to  find 
its  place  on  the  chart.  To  find  the  course  between  two  places  on  the  chart. 
To  find  the  ship's  place  by  the  bearing  of  two  known  places  or  head- 
lands. To  lay  down  a  rock,  island,  or  headland  from  observed  bearingrs. 
To  find  the  distance  between  two  places  on  the  chart.  From  the  course 
and  distance  run  to  find  the  place  on  the  chart. 

Proofs  of  rules  used  in  Mereator's  sailing.  Examples. 

Local  Deviation. — More  accurate  account  of  the  causes  of  sub-perma* 
nent  and  induced  magnetism.  Laws  of  induced  magnetism  in  a  ship. 
Semicircular  and  quadrantal  deviation.  Description  of  modes  for  ascer- 
.taining  the  amount  of  deviation. 

Great  Circle  Sailing, — Given  the  latitude  and  longitude  of  two  places 
to  find  the  distance  between  them  on  a  great  circle.  To  find  also  the 
latitude  and  longitude  of  the  vertex.  To  find  a  succession  of  points  on 
a  great  circle  between  two  places.  Examples. 

Errors  to  which  the  log  is  liable.  Having  given  the  apparent  distance 
run  with  given  Juiown  errors  in  log  line  and  glass,  to  find  the  tnxe 
(^stance. 

To  find  the  difference  of  longitude  made  on  a  traverse.  Sea  journal. 
Taking  a  departure.  Log-board  and  log-book.   Day's  work.  Examples. 

Examination  for  Honours. 

In  addition  to  the  above  there  will  be  required — 
The  proof  of  the  rule  for  finding  meridional  parts,  viz. 

m=3' 8988495+  log.  (log.  cot.  i  colat,  —  10): 
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Problems  in  Marine  Surveying,  &c. 

Candidates  for  examination  in  this  subject  are  reoonimended  to  use 
the  followiDg  books : — 

A  T\reatise  on  Navigation  and  Nautical  Astronomy,  hj  J.  Riddle  (with 
Tables),  2  vols..  Us.  6d.   Tables  separate,  5s. 

(London,  Simpkin  &  Marshall,  8th  ed.,  1864.) 
Navigation  and  Nautical  Astronomy,  by  H.  W.  Jeans,  in  two  parts, 
1&Q0.»  55.  each,  or  in  one  vol.  9s. 

(London,  Longman,  new  ed.,  1860.) 
Or,  Navigation  and  Nautical  Astronomy,  by  Mernneld  &  Evers. 

(London,  Longman  &  Co.) 
XaiUieaZ  Tables  from  British  Seamen,  by  James  Inman,  8vo.,  14*. 

(London,  Rivington,  1862.) 


SUBJECT  XXL— NAUTICAL  ASTRONOMY. 

First  Stage  or  Elementary  Course. 

Definition, — Circles  of  declination  or  hour  circles.  Equinoctial  points. 
Ecliptic,  obliquity  of  ecliptic,  signs  of  the  zodiac.  Precession  of  the 
eqmnoxes,  circles  of  celestial  Jatitude.  Latitude  and  longitude  of  a 
celestial  body. 

DedbatioD,  right  ascension,  right  ascension  of  the  meridian,  sensible 
spd  rational  horizon.  Zenith,  nadir,  vertical  or  azimuth  circles  or 
circles  of  altitude.  Altitude,  azimuth,  and  amplitude  of  a  heavenly 
^dy.  Parallels  of  altitude.  Six  o'clock  hour  circle.  Prime- vertical. 
Colatitude. 

At)of  that  the  altitude  of  the  elevated  pole  is  equal  to  the  latitude  of 
tbe  ohserver.  Illustration  by  diagrams ;  projections  on  the  meridian  and 
horizon. 

Time.  Apparent  noon,  apparent  solar  day,  mean  solar  day,  mean 
noon,  equation  of  time.  Sidereal  dav.  To  convert  inter\'als  of  mean 
time  into  sidereal  time,  and  vice  versa.  Illustration  of  these  definitions 
by  diagrams.  Difference  between  civil  and  astronomical  reckoning  of 
time.  To  convert  arc  into  time,  and  time  into  arc. 

To  find  the  Greenwich  date,  the  time  at  any  other  place  and  longitude 
being  given.  To  take  out  Uie  right  ascension  of  the  mean  sun  for  a 
given  mean  Greenwich  date. 

The  corrections  of  altitudes : —  _ 

1.  Dip. — Proof  that  dip  in  minutes=*9784y^,  h  being  reckoned 

in  feet. 

2.  RHraction.^Vfhj  necessary  7   Show  generally  how  it  is  measured. 

Refraction  =67"  tan  ZD  nearly. 

3.  CofTCction  for  semi-diameters. 

4.  Para/tor.— Horizontal  parallax  X  cos.  apparent  altitude  =  parallax 

in  altitude. 

Sextant. — Description.  Adjustments,  how  to  make  them.  Index  error, 
hov  it  may  be  found. 

Chronometer. — Error  and  rate.    Reading  of  the  chronometer. 

Equation  of  time. — How  it  is  to  be  applied  to  the  mean  time  to  obtain 
the  apparent  tune,  and  conversely. 

To  find  the  latitude  by  a  meridian  altitude  of  the  sun :  proof  of  the 
rale  and  examples.  To  find  the  latitude  by  a  meridian  altitude  of  a 
star. 
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By  tbe  moon ; — 

1 .  To  find  the  mean  time,  and  Greenwich  date,  of  the  moon's  meridian 

passage  on  a  given  astronomical  day  in  a  given  altitude. 

2.  To  find  the  semidiameter  and  horizontal  parallax  of  the  moon  for 

a  given  Greenwich  date  (mean  time)  from  the  Nautical  Almanac. 

3.  To  take  out  the  moon's  declination  from  the  Nautical  Almanac. 

4.  To  find  the  altitude  by  the  meridian  altitude  of  the  moon.  Examples. 
To  find  the  mean  time  at  any  place  and  also  the  Greenwich  mean 

time  of  the  passage  of  a  star  over  a  given  meridian  on  a  given  day, 
and  the  distance  at  which  it  passes  north  or  south  of  the  zenith.  To  find 
the  latitude  by  the  altitude,  (1),  of  the  sun;  (2),  of  a  star;  (3),  of  the 
moon  below  the  pole.  To  find  the  latitude  by  the  altitude  of  the  pole 
star.  To  find  the  variation  or  local  deviation  by  the  observed  azimutn  oi- 
amplitude  of  the  sun.  Proof  of  the  rules  for  finding  the  azimuth  and 
amplitude.   Applications  of  the  rules  to  find  the  variation  or  deviation. 

To  find  the  hour  angle  of  a  heavenly  body  east  or  west  of  the  meridian . 
To  compute  the  mean  or  apparent  time  at  any  place  from  the  observed 
altitude  of  a  heavenly  body.  To  find  the  error  and  rate  of  the  chrono- 
meter.  To  find  the  longitude  by  the  chronometer. 

Second  Stage  or  Advanced  Course. 

For  the  advanced  course,  in  addition  to  the  above,  the  candidate  will 
be  required : — 

To  compute  the  reduction  of  th^  horizontal  parallax. 

To  define  the  Jingle  of  the  vertical,  and  to  describe  the  method  of  com- 
puting it. 

To  compute  the  augmentation  of  the  moon's  semi-diameter. 
To  prove  the  following  rules  : — 

1.  For  the  reduction  of  the  altitude  of  any  celestial  body  observed  at 
one  place  to  what  it  would  have  been  if  observed  at  the  same  instant 
at  another  place. 

2.  For  finding  the  latitude  by  the  altitude  of  the  pole  star. 

3.  For  finding  the  latitude  by  altitudes  of  any  celestial  body  near  the 
meridian. 

4.  For  finding  the  hour  angle  of  a  celestial  body  from  the  observed 
altitude. 

5.  For  finding  the  rising  and  settinff  of  celestial  bodies  and  twilight. 

6.  The  error  of  hour  angle  for  small  errors  in  observed  altitude,  when 
least. 

7.  For  finding  the  latitude  and  longitude  by  means  of  two  altitudes. 

8.  For  computing  the  altitude  of  a  given  celestial  body  for  a  given  time. 

9.  The  metnod  of  clearing  a  lunar  distance  from  the  effects  of  parallax 
and  refraction. 

And  to  work  practical  examples  of  all  these  rules. 

To  compute  tbe  latitude  and  longitude  by  double  altitudes — 1.  By 
Ivory's  method.   2.  By  the  direct  method. 

To  find  the  error  of  the  chronometer  by  e<}ual  altitudes  of  the  sun  or 
of  a  fixed  star.  To  compute  the  apparent  altitude  from  the  true  altitude. 
To  compute  the  longitude  by  an  oDserved  lunar  distance.  To  describe 
Summer's  method  for  finding  latitude  and  longitude.  Cydones  and 
tides. 

Examination  pgr  Honourr. 
In  addition  to  the  above  : — 

Method  of  computing  the  moon's  right  ascension  frcHn  an  occultation 
of  a  fixed  star.    Longitude  by  eclipses  of  Jupiter's  satellites.   To  find 
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the  podtion  of  an  unknown  star  or  comet  by  its  distances  from  two 
known  stars.  Astronomical  problems. 

For  studying  this  sulject  the  same  books  are  recommended  as  have 
*lMdj  been  given  at  the  end  of  the  courses  on  Navigoiion, 


SUBJECT  XXII.-STEAM. 

First  Stags  or  Elrmbntart  Course. 

In  the  fint  paper  the  Questions  will  be  restricted  to  those  portions 
^  the  STllabus  oomprisea  under  the  heads  numbered  1,  2,  and  3,  or 
h  2,  and  4  respectivdy,  and  tibe  students  will  be  expected  to  possess  a  fair 
^httentaijr  knowledge  of  the  subject. 

Second  Stage  or  Advanced  Course. 

In  the  second  or  advanced  paper  the  questions  will  bear  upon  those 
portioiu  of  the  syllabus  numbered  1,  2, 3,  and  5,  or  1,  2,  4,  and  5  re- 
<pectivdji  and  a  more  exact  knowledge  of  details  will  be  expected. 

Examination  for  Honours. 

His  nage  of  subjects  will  be  the  same  as  in  the  advanced  course, 
but  the  questions  will  extend  over  that  portion  comprised  under  the  sixth 
held  of  the  syllabus. 

1.  htroductory  Matter, — ^The  expansion  of  bodies  by  heat,  the 
liquid  and  gaseous  states  of  matter,  the  co-efficient  of  expan- 
sion, energy  of  the  atomic  forces,  practical  illustrations  of  the 
expansion  and  contraction  of  various  substances;  the  tempera- 
tare  of  bodies,  instruments  for  measuring   temperature,  the 
ifaennometer,   comparison   of  thermometers    when  differently 
graduated,  pyrometers;  the  capacity  of  bodies  for  heat,  the 
calorimeter;  the  conversion  of  work  into  heat  and  of  heat  into  work, 
the  consumption  of  heat  in  liq^uefaction  and  vaporization;  the 
convection  of  heat,  the  method  m  which  a  lai^ge  mass  of  water 
may  become  heated ;  the  conduction  of  heat,  good  and  bad  con- 
ductors, experimental  illustrations;  the  formation  of  vapour  and 
steam,  the  boiling  points  of  fresh  and  salt  water,  the  causes  which 
influence  the  boiling  temperature  of  water,  high-pressure  steam, 
measore  of  steam  pressure  by  atmospheres,  steam  when  in  contact  or 
not  in  contact  with  water,  the  relation  between  the  pressure,  density 
and  temperature  of  steam,  the  specific  gravity  of  steam,  the  latent 
heat  of  steam,  the  quantity  of  water  required  to  produce  conden- 
sation, conmion  and  superheated  si;eam>  the  analysis  of  sea 
water. 

The  radiation  of  heat,  the  absorption  of  heat,  the  general 
relation  between  radiation  and  absorption,  good  and  bad  radiators 
of  heat,  experimental  illustrations. 

The  oxidation  of  metals,  the  effects  of  galvanic  action. 

Steam  Engine, — Newcomen's  atmospheric  pumping  engine,  its 
defects;  the  discoveries  of  Watt,  the  separate  condenser,  the 
expansive  working  of  steam,  its  economy,  its  value  in  regulating 
the  power  of  an  engine. 
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Details  connected  with  Watt's  single-acting  pumping  engine  r 
the  steam  cylinder,  the  valves  connected  with  it,  their  action,, 
the  condenser,  the  air-pump,  the  foot  valve,  the  delivery  valve, 
the  snifting  valve,  the  hot  well,  the  piston  rod,  stufi&ng  boxes 
and  glands,  the  parallel  motion;  the  method  of  starting  the  engine,, 
and  oiP  regidating  its  speed,  the  cataract. 

The  double-adbing  condensing  beam  engine,  the  principle  npon 
which  it  works ;  details  of  the  various  parts,  the  cylinder,  now 
constructed,  the  ports  or  openings  into  the  cylinder,  the  forms 
of  slide  valve  in  common  use,  the  locomotive  or  three-ported 
valve,  the  kp  on  a  valve,  the  eccentric,  the  lead  of  a  valve, 
cushioning  the  steam,  clearance,  details  of  the  piston,  metallic 
packing-rings ;  the  expansion  valve,  and  the  gear  connected  with 
it;  the  air-pump,  condenser,  the  supply  of  water  for  condensation, 
blowing  through,  ^uges  for  the  condenser,  the  barometer  gauge, 
method  of  estunatmg  pressure  by  it,  errors  in  this  method,  and 
correction  of  the  same;  Uie  connecting  rod,  the  strap  gib  and 
cutter,  the  parallel  motion,  the  governor,  the  fly-wheel. 

The  principle  of  an  equilibrium  valve,  the  double  beat  valve, 
the  crown  valve,  the  throttle  valve,  the  gridiron  valve. 

The  high-pressure  engine  without  condensation,  the  expansive 
prmciple  as  applied  in  the  double  cylinder  condensing  engine. 

The  forms  of  boiler  in  common  use:  the  Cornish  boiler,  the 
cylindrical  boiler  with  internal  flues,  the  vertical  boiler,  heating 
and  flre-grate  surfaces,  the  evaporative  power  of  boilers,  boiler 
chimneys ;  the  strength  of  boilers,  the  use  of  stays,  the  proving  of 
boilers.  Boiler  appendages ;  safety  valves,  reverse  or  atmospheric 
valves,  communication  or  stop  valves,  the  glass  water  gauge,  steaza 
pressure  gauge,  various  forms.  Bourdon's  gauge,  feed  pmnps. 

3.  The  Locomotive  Engine. — The  general  construction  of  a  locomotive 

engine  and  boiler  before  the  invention  of  Stephenson,  the  Killing - 
worth  engine ;  description  of  the  Rocket  engine  by  R.  Stephenson 
as  the  type  of  the  modern  locomotive,  the  tubular  boiler,  the  draught 
produced  by  the  discharge  of  waste  steam. 

The  arrangement  of  an  engine,  the  cylinders,  their  position, 
steamways,  ports,  slide  valve,  water  cocks,  grease  cocks,  the 
piston  and  packing-rings,  piston-rod,  guides,  connecting  rod,  eccen- 
trics, the  reversing  or  link  motion,  reversing  lever,  sector,  expansive 
workinff,  crank  axle  and  driving  wheels,  power  required  for  trac- 
tion, aahesion  of  the  driving  wheels,  counter  weights  to  cranks, 
wheels  and  axles,  axle-boxes,  bearing  springs,  buffer  and  draw 
springs,  friction  brakes. 

Detcdls  of  the  boiler ;  the  fire-box,  the  inner  and  outer  sheU,  ribs 
on  the  crown  of  the  fire-box,  the  cylindrical  barrel,  the  tubes,  mode 
of  fixing  them,  through  tie  rods,  the  ashpit,  the  smoke  box,  the 
blast  pipe,  mechanicaJ  action  of  the  blast,  the  steam  chest,  the 
outer  dome,  the  steam  pipe,  the  regulator,  safety  valves,  pressure 
gauges,  whistles,  blow-off  cocks,  feed  pumps,  Giffiard's  injector; 
evaporative  power  of  the  boiler,  fire-grate  ana  heating  surfoce,  com- 
bustion of  fuel ;  the  tender,  water-tank,  brake,  feed  pipes. 

The  permanent  way;  varieties  of  rails  in  common  use,  timber 
sleepers,  transverse  and  longitudinal  systems ;  jointing  of  rails,  the 
fish  joint ;  the  tyres  of  wheels,  their  form,  general  description  of 
switches  and  crossings. 

4.  The  Marine  Steam  Engine. — Side  lever  engine,  the  oscillating  engine 

for  paddle-wheel  steamers,  the  vertical  trunk  engine ;  the  Gordon 
engines,  the  object  of  this  arrangement ;  other  forms  of  engine. 
Engines  for  screw  propellers,  direct  acting  engines  with  or  wi^out 
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multiplying  gear,  Penn's  inink  engine,  Maudslay  and  Field's  return 
oonnecting-xod  engine. 

Details  of  parts  connected  with  the  working  of  a  marine  engine ; 
the  air  pump  bucket  and  valves,  double-acting  air  pump,  India- 
rubber  diae  valves,  cylinder  escape  valves,  bilge  and  feed  pumps, 
expansion  valves,  expansion  cams  and  gear.  The  method  of 
reversing  an  engine  when  fitted  with  a  single  eccentric,  reversing 
by  a  double  eccentric,  the  link  motion.  Paddle  wheels,  feathering 
of  the  floats,  disconnexion  and  immersion  of  wheels.  The  screw 
nroneller,  various  forms,  length,  angle,  pitch,  and  area  of  screw 
olade,  disconnecting  and  raising  the  screw,  the  position  of  the  screw 
propeller  in  the  vessel,  the  slip  of  the  screw,  the  method  of  receiving 
the  thrust  upon  the  vessel,  soft  metal  bearings. 

The  marine  tubular  boiler,  how  constructed,  gun-boat  boilers, 
the  steam-chest,  fire-bridge  and  ashpit,  the  funnel  and  its  casing, 
waste-steam  pipe,  water  gaugfe,  gauge  cocks,  pressure  gauges,  safety 
valves,  reverse  valves,  stop  valves,  feed  pumps,  boiler  hand-pumps, 
feed  or  donkey-engine,  Kington's  valves,  blow-out  cocks,  brine* 
pumps  and  brine-valves,  the  methods  of  ascertaining  the  degree  of 
saltness  of  the  water  in  a  boiler,  amount  of  saltness  permissible, 
fonnation  of  scale,  superheating-  apparatus,  surface  conoensation. 

ftactical  working ;  getting  up  the  steam,  filling  the  boilers,  laying 
the  fixes,  attention  to  various  parts  of  the  engine  while  the  steam  is 
getting  up,  mode  of  starting,  working  the  engines  at  moorings. 
Priming ;  its  causes  and  remedies.  Duties  to  machinery  when  under 
steam,  boiUTs,  fires,  &c.  Iigection  pipes.  Kingston's  valves.  Leaks 
in  engines.  Bearings  of  engines.  Expansive  worldng.  Manage- 
ment of  fuel.  Damages  and  repairs  to  boiler,  &c.,  after  accidents* 
Duties  to  engine,  &c.,  on  arriving  in  harbour. 
Calculations. — Methods  of  measiuring  the  efficiency  of  steam  engines* 
The  duty  of  an  engine.  The  horse  power.  Mercantile  or  nominal 
horse  power. 

The  indicator ;  the  ends  it  fulfils,  description  of  the  instrument, 
the  atmospheric  line.  Method  of  taking  a  diagram.  The  general 
configuntion  of  diagram  to  be  expected  under  various  circum- 
stances. Examination  of  the  indicator-diagram  when  the  steam  is 
throttled;  when  expansive  gear  alone  used,  and  in  other  cases.  To 
ascertain  the  horse-power  of  an  engine  by  means  of  the  indicatorr 
The  indicator^iagram  in  a  high  pressure  or  locomotive  engine. 

The  principle  of  the  parallel  motion  of  a  beam  engine. 
Calculations. — Estimation  of  the  work  done  in  one  stroke  of  the 
piston,  the  same  taking  clearance  into  account.  To  find  the 
norse  power  from  the  evaporation  in  the  boiler.  De  Pambour's 
theory.  Velocity  of  maximum  useful  effect.  To  find  the  evapo- 
ration of  a  condensing  engine  of  given  dimensions  and  horse 
power,  the  piston  moving  with  a  given  velocity  with  and  without  ex- 
pansion. To  find  the  pressure  in  the  cylinder,  knowing  the  effective 
evaporation.  To  find  the  diameter  of  a  cylinder  to  work  at  a  certain 
speed,  knowing  the  evaporation.  To  find  the  evaporation  in  the 
boiler,  knowing  the  diameter  and  velocity  of  the  piston  and  the 
pressure  of  steam  in  the  cylinder  with  and  without  expansion. 
The  same  for  locomotive.  Watt's  engines,  &c. 

The  screw — ^to  find  its  area,  to  find  also  the  angle  of  the  helix  or 
thread  of  the  screw  propeller,  and  the  pitch.  The  power  exerted  by  a 
screw.  How  the  sup  depends  on  the  form  and  dimensions  of 
the  screw.  Motion  of  the  paadle-wheels,  &c.  Consumption  of  fuel. 
Measure  of  the  locomotive  performance  of  marine  steam  engines. 
To  find  the  angle  the  crank  nas  moved  through  when  the  piston  is 
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at  a  given  dittanoe  from  the  top  of  the  stroke.  Amount  of  wotk 
developed  by  the  crank  in  a  hatf-revolution.  Length  of  the  radius- 
bar  in  a  side  lever  engine.  Work  done  in  the  up  and  down  stroke 
of  the  air  pump.  The  best  temperature  for  the  condenser  of  a  steam 
engine.   Quahties  of  fiiel«  &c. 

I)iagram  showing  the  relative  motions  of  the  slide  and  piston  at 
every  point  of  the  stroke. 

Dynamometer :  to  find  horse-power  of  engine  by  means  of  it. 

The  text  books  specially  recommended  are— 

Treatise  on  the  Marine  Steam  Engine,  by  T.  J.  Main  and  T.  Brown, 
8vo.,  125.  6d.  (London,  Longman,  5th  ed.,  1865.) 

On  the  Indicator  and  Dynamometer,  by  T.  J.  Main  and  T.  Brown, 
8vo.,  4«.  6d,  (London^  Longman,  1857.) 

CatecIUsm  of  the  Steam  Engine,  by  J,  Bourne,  12mo.,  65. 

(London,  Longman,  1868.) 

And  for  reference^ 
Baikoay  Locomotives,  by  D.  K.  Clark,  2  vols.,  folio,  70s. 

(Edinburgh,  Blackie,  1856-60.) 
Treatise  on  the  Steam  Engine,  by  J.  Bourne,  4to.,  42^. 

(London,  Longman,  5th  ed.,  1861.) 
Examples  of  Modem  Steam,  Air,  and  Gas  Engines,  by  J.  Bourne,  Part 
I.,  4to.,  2s,  Sd.  (London,  Longman,  1868.) 


SUBJECT  XXIII.-PHYSICAL  QEOQRAPHY. 


First  Stags  or  Elbmbktary  Coursb. 

For  this  stage  or  course  it  will  be  expected  that  the  student  shall 
understand  and  be  able  to  express  the  sunple  fiftcts  of  the  science  and 
explun  the  terms  in  common  use.  The  following  outline  may  be  useful 
to  the  teacher  as  well  as  to  the  student : — 

1,  The  form  and  motions  of  the  learth.    Its  division  into  land  and 

water.  Size  and  shape  of  continents.  Low  lands,  their  position 
and  the  names  hrf  which  they  are  known.  High  lands  or  plateaux. 
Hills.   Mountains  and  mountain  systems.  Valleys. 

2.  The  ocean  and  its  extent.  The  names  ffff^  to  different  parts.  Its 

depth  where  known.   Its  saltness.   The  movements  of  the  ocean. 
Marine  currents.  Waves. 
-3.  Rivers  and  river  systems.  Lakes. 

4.  The  air,  its  nature,  extent,  and  principal  uses.   Permanent  winds. 

Periodical  winds.  Storms. 

5.  Dew.    Clouds  and  rain.   Snow  and  hail.   Nature  of  climate. 

6.  The  nature  of  earthquakes.   The  nature  of  a  volcano.  Earthquake 

bands  and  bands  of  volcanic  action.  The  simple  phenomena  of  a 
volcanic  eruption. 

7.  The  mode  in  which  plants  and  animals  are  dirtributed  on  the  earth. 

The  mutual  relations  of  horizontal  and  vertical  distribution.  The 
meaning  of  representative  species  and  the  principal  |;roups  of  plants 
and  animals  that  represent  others  in  different  contxnents  andlaige 
islands. 

8.  The  different  races  of  men.   The  mode  in  which  they  are  now  dis« 

tributed  on  the  earth. 

Digitized  byGoOglC 


1S9 

The  exunination  questions  set  in  this  elementaiy  paper  will  not  in- 
vohre  mcse  than  a  knowledge  of  such  feusts  as  are  taught  in  the  ordinary 
text  books. 

For  a  mere  pass  it  will  only  be  required  that  the  answers  should  be  so 
hi  comet  and  definite  as  to  show  that  reasonable  caie  has  been  taken 
in  erpiaining  the  subject,  assuming  ordinary  intelligence  and  exertion 
on  the  part  of  a  young  pupil.  For  a  first  doss  in  this  stage  sound 
ekmentuy  knowledge  and  clearness  of  definition  will  be  indispensable. 

Sbcond  Stags  or  Advanced  Coursb. 

The  more  advanced  students,  who  come  up  in  the  second  stage, 
will  not  pass  without  exhibiting  something  more  than  mere  elementary 
knowledge.  They  must  have  a  knowledge  of  principles  as  well  as  facts. 
They  will  be  expected  to  have  acquired — 

s.  So  much  elementary  astronomy  as  relates  to  the  position  of  the 
earth  in  tiie  solar  system,  its  magnitude  and  rotation,  and  the 
influence  of  the  sun,  moon,  and  otner  bodies  distributed  through 
space  on  terrestrial  phenomena. 

h.  So  much  of  elementary  physics  and  inorganic  chemistry  as  includes 
the  nature  and  mode  of  action  of  the  physical  forces  and  the 
composition  of  rocks. 

e.  So  much  of  elementary  geology  and  mineralogj^  as  includes  a  know- 
ledge of  the  nature  of  rocks,  their  superposition,  succession,  and 
distarbanoes. 

d.  So  much  of  paleontology  as  includes  a  knowledge  of  the  distribu- 
tion of  life  m  time. 

The  bearing  of  these  departments  of  knowledge  on  physical  geography 
commonly  so  called  should  be  understood.  The  terms  used  in  them 
must  be  weU  appreciated  and  briefly  defined  when  definitions  are  asked. 

The  following  outline  of  the  main  subjects  included  in  phj^sical  geo- 
giaphy  will  show  the  nature  of  an  advanced  course  of  instruction. 

1.  Land.  Relation  of  continents  and  islands.   Protuberance  of  land 

and  preponderance  of  land  in  one  hemisphere.  Form  of  extremities 
of  land.  Grouping  of  islands.  The  geographical  axes  of  the  two 
continents.  Influence  of  the  form  of  a  coast  line.  Characteristic 
features  of  the  various  great  masses  of  land. 

2.  Mountain  axes  and  mountain  systems.   Details  of  the  great  moun- 

tain systems  of  the  world,  especially  with  regard  to  the  continents. 
Relations  of  the  different  parts  of  the  great  mountain  system  of 
Europe  and  Asia.  Isolated  mountains  and  mountain  system  of 
Africa.  Mountain  system  of  America.  Culminating  points.  Knots 
in  mountain  chains. 

3.  High  plains  or  plateaux ;  their  nature  and  position.   Their  relations 

with  the  geographical  axes  and  to  geographical  structure.  Exam- 
ples of  plateaux.  Plateaux  in  small  islands.  Sierras  or  mountain 
ridges  rising  from  plateaux.  The  drainage  of  plateaux  by  deep 
naixow  valleys. 

4.  Low  plains ;  their  distribution  and  relation  to  high  plains  and  moun- 

tains. The  low  plains  of  the  principal  natural  divisions  of  the 
world.  The  steppes  of  Asia.  Deserts  of  Africa  and  Arabia.  Sa- 
vannahs and  prairies  of  North  America.  Silvas,  Llanos,  Pampas 
of  South  America.  The  characteristics  of  each.  Valleys;  their 
varieties  and  peculiarities.  Difference  between  mountain  valleys 
and  the  valle}[s  of  plateaux. 
7.  Water ;  its  position  on  the  earth.  Natural  divisions  caused  by  the 
protuberance  of  parts  of  the  earth.    Oceans  and  inland  seas. 
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Depth  of  the  ocean,  and  means  of  ascertaining  its  depth.  Nature 
of  nie  ocean  floor.  Form  of  the  bottom  of  the  ocean.  Solid  con- 
tents of  water.  Density  of  water  under  difPerent  circumstances. 
Effect  of  cold  on  water.  Temperature  of  the  sea.  Ck>lour  of 
water. 

8.  Motion  of  water.   Waves.   The  tidal  wave.   Currents.   The  prin- 

cipal stream  currents.  Drift  currents.  Iiregfular  movements  of 
water.   Sargasso  seas. 

9.  Circulation  of  water  by  rivers.   Draina^ife  areas  and  river  basins. 

Nature  of  water  sheds.  Origin  of  rivers.  Floods  and  flood 
moderators.  River  systems  of  the  world.  Rivers  draining  into 
the  ocean.  Rivers  araining  into  lakes.  Groups  of  lakes;  their 
extent  and  peculiarities.   Water&Us  and  rapids. 

10.  Circulation  of  water  in  the  interior  of  the  eartli.   Course  of  rain 

water  through  rock.  Issue  of  this  water  in  springs.  Tenoperature 
of  springs.  Mineral  and  gaseous  contents  of  springs.  Quantity 
of  water  issuing  from  springs,  and  of  solid  matter  deposited  by 
them.   Variation  of  springs. 

11.  Conveyance  of  water  by  clouds,  and  its  deposit  as  run.  Distribu- 

tion of  rain.  Proportion  of  rainfall  that  runs  over  the  earth's 
surface.  Formation  of  snow.  Circumstances  under  which  it  is 
formed  and  deposited.  Snow  line;  its  position  in  different  parts 
of  the  world.  Passage  of  snow  into  ice.  Glaciers ;  their  ancient 
and  modem  history.  Glacial  action;  its  nature  and  results. 
Iceberg— how  and  where  formed;  their  influence.  Hail;  its 
formation  and  effects. 

12.  The  atmosphere.   Composition  and  properties  of  air.    Its  uses  and 

effects  on  light.  Its  extent.  Its  colour.  Effect  of  heat  on  the 
atmosphere.  Waves  of  sound.  Nature  of  wind.  Permanent 
winds.  Periodical  winds.  Circulation  of  the  air  by  upper  cur- 
rents from  the  equator  to  the  poles,  and  corresponding  return 
currents  from  the  poles  to  the  equator.  Distribution  of  winds  in 
both  hemispheres.  Special  local  winds  and  their  cause.  Various 
kinds  of  storm  winds.  Nature  of  cyclonic  storms.  Phenomena 
connected  with  such  storms. 

1 3.  Phenomena  of  weather  and  climate.    Causes  that  produce  or  modify 

climate.  Lines  connecting  places  having  equal  annual*  equal 
summer,  or  equal  winter  heat.  Value  of  such  lines  as  indicatmg^ 
climate.  Conditions  that  affect  weather  and  climate.  Cycles  of 
weather  and  climate.  Changes  of  climate,  and  the  cause  of  such 
chan£[es. 

14.  Volcanic  phenomena.   General  action  of  volcanoes.  The  conditions 

of  a  volcanic  eruption.  The  parts  of  the  world  that  contain  volcanoes. 
Number  of  volcanoes  in  the  different  groups;  their  position  and 
history  of  the  eruptions.  Inactive  or  extinct  volcanoes.  Pseudo- 
volcanoes  and  phenomena*connected  with  decayinp^  volcanic  activity*. 
Geysers,  solfataras,  and  mud  volcanoes.  Volcanic  action  under  the 
sea.  Periods  and  cycles  of  volcanic  disturbance.  Earthouakes. 
Zones  of  earthquake  disturbance.  Relation  of  earthquaikes  to 
volcanoes.   Periodicity  of  earthquakes* 

15.  Distribution  of  life  on  the  earth.   Persistence  of  life.    Origin  of 

species.  Modification  of  species.  Grouping  of  plants.  Represen- 
tative and  typical  species.  Advance  of  certain  forms  of  plant  life. 
Migration  and  migratory  powers  of  plants.  Floras  of  diffierent 
countries.  Distribution  of  floras.  Faunas,  their  distribution. 
Groups  of  characteristic  animals.  Migration  and  migratory  in- 
stincts. Limitation  of  these  instincts.  Distribution  of  plants  and 
animals  in  time.  Extinction  and  replacement  of  species. 
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16.  Distribution  of  man.  Date  of  introduction  of  the  human  funily. 
Earijr  existence  of  certain  typical  groups.  Mode  in  which  these 
fpt)ups  differ  anatomically  among  each  other.  Mixed  races.  Mi- 
grating and  settled  races,  and  their  mutual  influence.  Natural 
and  artificial  limits  of  extension  of  the  various  races.  Influence  of 
man  on  external  nature, 

Sound  knowledge  of  the  main  facts  and  an  ac(]uaintance  with  the 
mode  of  action  of  natural  causes  to  produce  results  will  be  expected  from 
the  more  adyanoed  students. 


Examination  for  Honours. 

For  this  examination  it  will  be  expected  that  the  candidates  shall 
not  only  be  fiuniliar  with  the  ordinary  nets  and  inferences,  but  that  they 
should  be  able  to  give  a  tolerably  complete  outline  in  their  own 
language  of  groups  of  facts  and  their  mutual  bearing,  together  with 
expLuu^ons  of  natural  phenomena  on  which  the  principles  of  physicad 
geography  depend. 

Sound  knowledge  acquired,  not  only  from  text  books,  but  from  a 
thoughtful  examination  of  the  views  of  various  authors  or  from  a 
personal  study  of  the  facts  and  phenomena  will  be  expected  from  those 
who  seek  an  honour  certificate,  and  very  clear  and  definite  information 
on  the  subjects  attempted  will  be  indispensable. 

For  elementaiy  instruction  in  physical  geography  there  are  several 
recognised  text  books.  It  unfortunately  happens  that  in  some  of  these  the 
facts  are  incorrectljr  stated,  and  teachers  employing  them  must  be  careful 
to  make  the  requisite  alterations  in  their  course  of  teaching. 

The  following  book^  which  has  been  recently  published,  is  recom- 
mended : — 

*  J%e  World  we  Live  in,  by  D.  T.  Ansted. 

(London,  Allen  &  Co.,  186S.) 

Of  somewhat  older  date  are 

Text  Book  of  Physical  Geography,  by  Dr.  Page,  12mo.,  2s. 

(Edinburgh,  Blackwood,  1863.) 
Outlines  of  Physical  Geography,  by  £.  Hughes,  12mo.,  3s.  6d. 

(London,  Longman,  new  ed.,  1866.) 
Elementary  Class  Book  of  Physical  Geography,  by  W.  Hughes,  12mo., 
Is.  (London,  Philip,  1866.) 

The  following  will  be  found  suggestive  to  teachers,  but  are  hardly 
sufliciently  complete  to  be  available  for  students  :^ 

Earth  and  Man;  a  Lecture  by  A.  Guyot,  translated  bv  C.  C.  Felton, 
12mo.,  2s.  (London,  BenUey,  1865.) 

Physical  Geography  for  Schools,  by  M.  F.  Mauiy,  12mo.,  2s.  6d, 

(London,  Longman,  1864.) 

There  is  at  present  only  one  general  work  that  comprises  the  whole 
subject  of  physical  geography  as  required  for  the  examination  in  the 
advanced  course : — 

Physical  Geography,  by  D.  T.  Ansted,  8vo.,  I2s. 

(London,  Allen,  3rd  ed.,  1868.) 


*  This  work  contuns  a  glossary  of  technical  terms. 
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In  addition  to  the  following,  many  other  works  in  special  departmeats 
of  the  science  will  be  found  useful  to  the  advanced  student  and  to  the 
candidate  in  honours : — 

Physical  Geography  of  the  Sea,  by  M.  F.  Maury,  8vo.,  5s, 

(London,  Low,  12th  ed„  1866.) 
Man  and  Nature,  by  G.  P.  Marsh,  8vo.,  14#.  (London,  Low,  1864.) 
Principles  of  Geology,  by  Sir  C.  Lyell,  2  vols.  Sro, 

(London,  Munty,  1866.) 
Principles  of  Seismology,  by  R.  Mallet,  2  vols.  8vo.,  6af. 

(London,  Chapman  and  Hall,  1862.) 

It  is  most  desirable  that  this  subject  should  be  taught  and  studied 
with  good  physical  maps  at  hand.  For  the  elementary  course  is  recom- 
mended— 

Small  Atlas,  by  Hughes. 

For  the  advanced  student : — 
Physical  School  Atlas,  by  Johnston, 
Larger  Physical  Atlas,  by  Johnston. 
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APPENDIX  C. 


Tables  showing  the  Nuubeb  of  SruDEirrs  in  each  Science 
School  or  Class,  and  the  Subjects  taught. 
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JuiMtofU  Secretarp.—SoimAn  HacLeod. 

Cki^  Clerk,— Q.  Fnnds  Dnnoombe. 

Fir$l<tasM  ClerU—FerdTtil  B.B.  Peile ;  A.  J.  B. 

TrendeU;  Alan  S.  Cole;  T.  GheBman,  BJL, 

LLR 

Seeond<l<u$  Clerks,— H.  OMparini:  V.  B. 

F(ifvi[e:fi.Bel8haw;  G.G.Millaidj  A. 8. Bury. 
AmtMi^  CZerftf.- W.Burtt ;  0.  J.  DuUea; 

A.  F.  B.  Torrent. 
MslMt  derfo.— W.  H.  Y.  Stratton;  C.  G. 

QttintoiL 

AetonlamL—A.  L-SimkinB;  Book-keeper.— U. 
W.WiUiams  ;  jMeufami  JBook-keepere.—T.  A. 
Bovter;  B.  Harris. 

Qmmmral  Stowm. 

^-  . -W.Q.Groser.  Di 
CUrki,-:X.  Bobinaon ;  J.  8mi1 


A0iielMe^.-~W.Q.Grosen  .D^it^y.—H.  Lloyd. 


8CEXVCB  DlYUIOV. 

Q^mtt  Intpeetorfor  Seiemeen—CKpi,  Donnelly, 

Oeoasunul  Inepectore.—Y,  J.  Sidney,  LLJ). ; 
Cilit.  Harru.  bTlC.  (IfairiffaiUm). 

QffieuU  Bxaminer.—Q.  C.  T.  Bartley. 

Supplememtarp  AuiMtant  Bxaminer.—H,  Bea- 
ky. 

■IVftTmiMo^  BxamimerMfor  Science, 
Salject 

L— Pnctical.  plane,  and  solid  Geometry.— 
ProfeMor  V.  A.  Bradley. 

n.--Mschine  Constraction  and  Drawing.— 
UL-Buildiuff  Conrtruction.— Oolonel  Wray, 

IlL(AlteniatiTe).— Naval  Architectnre.— 
W.  B.  Baakoomb. 

rBer.  B.  M.  Oowie, 
^  Pure  Mathematical  B.D. 

CT.A.Hir8t.F.B.8. 
TL~TbeoT«tical  Mecfaanics.— &ev.  John  F. 

Twiaden.  HA. 
Tll,— Applied  Mechanics.— J.  Anderson,  C.B. 
TUL-Aoonatica.  Light,  and  Heat.— J.  Tyn- 
dall,LLD.,F.B.S. 

IX.  — Xanietism  and  Bleciridty.— J.  Tyn- 

dWl,  LLJ).,  F.R.8. 

X. — Inorganic  Chemistiy.— E.  Frankland. 

Ph  J)..  F.B.S. 
XL-Onanio   Chemistry.— B.  FranUand, 

PhJ).,F.RJB. 
XIL-GeoloRT.-A.  0.  Ramsay.  LL.D.,F.R.S. 
XIIL-Mincralogy.-W.  W.  Smyth.  M.A., 

F  R.S 

Xnr.-Animal  Physiology.— T.  H.  Huxley, 

LLJ).,  F.B.8. 
IY.-5toology.~T.  H.  Huxley.  LLJ).,  F.B.8. 
XYL— Ycffetoble  Anatomy  and  Physiology.— 

  T.  Thomson,  MJ).,  F.BS. 

XYIL— Systematic  and  Boonomic  Botany.— 

T.  Thomson.  M  J).,  F.B.8.    ^  ^  ^ 
XmL-Mimng.--W.  W.  Smyth,  MJL,  F.BJ9. 


■;:}■ 
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XIX— Metallorgy.— J.  Percy,  MJ).,  F.B.S. 
XX.-Navir|ation.— Rev.  J.  WooUey,  LL.D. 
XXI.— Nautical  Astronomy.— Eev.  J.  Wool- 
ley,  LLJ). 
XXII.— Steam.— T.  M.  Goodeve,  M.A. 
XXUI.-Plg8ical^Geggraphy.-D.  T.  An»ted, 

AST  DiYiBioir. 

Injector-General  for  Art.— BAchaid  Bedgrave, 

Official  Inspector  for  Art.—V.  A.  Bowler. 
Oeeaeionai  Inspectors.— S.  A.  Hart,  BJl.  ;  Byre 

Crowe :  F.  B.  Barwell. 
Offleial  Examiner,— E.  P.  Bartlett 
Stt^lementary  Aesittant   Examiner.— T. 

Priifessional  Examiners.— %\t  F.  Grant,  P.&A. ; 

Sir  M.  Digby  Wyatt  ;  D.  N.  Maclise,  &.A.; 

J.  C.  Horsley.  BA. :  R.  Weetmacott,  ILA. : 

R.  Redgrave,  R. A:  F.  Leighton,  R.A.J  F.  R. 

Pickersmll.  RA.:  B.  J.  Poynter,  A.RA..;  J. 

MarshaU,  F.ILS.,  F.R.0J8. 
Occasional  Examiners.  -Rev.  J.  H.  Edgar.  MJL. : 

G.  M.  Atkinson ;  G.  Stewart ;  6.  B.  Redgrave. 

Inepectors  of  Local  Schools  of  Science  and  Art 
— R.  G.  YV^lde :  J.  F.  laelin,  MA. 

Organising  Master.— J.  C.  Buckmaster.  F.C.8. 


South  Ksksikotoit  Musbuit. 

General  Snperintendent.-'Rtvaj  Co\%  C.B. 
Mneenm  Snperintendenis.—'EL  A.  Thoinpaon; 

P.  Cunliffe  Owen ;  Capt.  B.  R.  Posting.  R.B. 
Director  of  New  ^wt&iin^t.— Lieut.-Coi.  Scott, 

BE. 

DecoraHoe  Artists.— J.  Gamble;  B.  Townroe; 
F.  W.  Moody. 

Editor  of  Catalogues  and  E^ereefor  Libraries. 
—J.  H.  Pollen.  MA.,  late  Fellow  of  Merton 
College,  Oxford. 

Mustum  Keeper  {Art  Coneetions).-G.  Wallis. 

Museum  Keeper  {National  Art  Library)  .—SL 
H.  Soden  Smith,  M.A.,  Trinity  College,  Dub- 
lin, F.8A.  .  ,  _ 

Assistant  Museum  Keepers.-  W.  Matchwick ;  H. 
SftTid>**»" ;  R.  Laskey :  C.  B.  Woranop ;  R.  F. 
Bketchley,  B.A.,  Exeter  College,  Oxford  :H.  E. 
Acton ;  J.  V.  Appell,  Ph.D. ;  A.  C.  King,  F.SA. ; 
C.  A  Pierce;  T.  Clack.  ^  «  , 

Supplementary  Assistant  Keeper.— C.  C.  Black. 
I     MA..  Trinity  College.  Cambridge.   ,  ^ 

JInseum  Clerks.— 3.  B.  Rundell;  M.  Webb; 

.  ii^MU^undalL 

Supplementary  Clerks.— B.  Vernon;  A.  Mas- 
aon :  W.  B.  Streatfeild ;  F.  Colea ;  J.  Barrett ; 
C.H.Derby;  W.  G.  Johnson;  C.  T.  Towna- 
hend ;  G.  H.  Wallis ;  C.  B.  Helmore.  ^ 

Superintendent  of  the  Naval  Museum,-0.yf. 
Merrifleld.F.RB.        ,     ,  „       ,  . 

SuperintendmU  for  Sale  of  Examples  and 
Publications,— J.  CundalL  ^ 
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XATioviJ^  Abt  TRAiirnro  School. 

Head  ifa«<tfr.— Eichard  Burchett. 
Hepnty  Head  Master.— W.  Hennan. 
Mechanical  and  Architectural  Drawing.— "H., 

B.  Hagreen. 
Oeometrv  and  Perspective.^^.  S.  Burchett. 
Paintinp,  Fredumd  Drawing  of  Ornament,  dbe., 

the  j^gure  and  Anatomy,  and  Ornamental 

De$iffn.—13L  Burchett;  E.  W.  Herman;  W. 

Benby ;  B.  Collinaon ;  C.  P.  Slocombe. 
ModeUtng.—T.  M.  Miller. 
Ladv  Superintendent  qf  Female  Students.— 

Miss  Trulock. 
Female  Teachers.— ^n.  S.  E.  Casabianca;  Miss 

Ghannon. 

Lecturer  on  Anatomy.— Z.  Marshall,  P.B..S., 
F.R.C.8. 

EOTAL  School  ov  Naval  Architbctusb 
AZTD  Mabine  EirailTBERIVO. 

Inspector-Oeneral.—^y.  5.  WooUey,  LL.D. 
Prtncipdl.—C.  W.  Merrifield.  F.B^S. 
Instructor  in  Naval  Drawing.— W.  B.  Bask- 
comb. 

Instructor  in  Applied  Mathematics  and  Mecha- 
nics.—J.  H.  CJotterill.  M.A. 

Instructor  in  Engineering  Drawing.  — J. 
Maxton. 

Instructor  in  Marine  Engineering.— Vf.  C, 
Unwin. 

Practical  Chemistry.— Z.  Davidson. 
French.— yi,  Penon. 


GEOLOGICAL  SURTET. 

IHrtetor-Generdl.'-%ir  R.  I.  Murchison,  Bart., 
K.C.B.,  MJL.  P.R.8. 

Director  for  England  and  Wales.— k.  C.  Ram- 
say, LL.D.,  F.R.S. 

Director  fbr  Ireland.—^.  Hull,  P.R.S. 

Director  for  Scotland.— A.  Geikie.  F.R.S. 

Naturaltst.—!!.  H.  Huxley,  LL.D.,  F.R.S. 

Pal<sontoloffist.—tL  Etheridge. 

ROTAL  SCHOOL  OP  MIXES. 

l)»r*j<(>r.--Sir  R.  L  Murchison.  Bart.,  K.C.B., 

M.A.,  P.R.S. 
K^er^  qf  Mining  Becords.—^hert  Hunt, 

Assistants.— 'Bachard  Meade.  James  B.  Jordan. 
Registrar,  Curator,  andLibrarian.—T.  Reeks. 
Assistant  Librarian.— T.  Newton. 
Assistant  Curator.— T.  W.  Rudler. 

PS0FE860B8. 

C%MM»«^— Edward  Prankland.  Ph.D.,  P.R.8. 
^atural  Hit^nf^.  K.  nw^ev.  LL.D,  P.R.S. 
Physics.— V.  Guthrie,  B. A. ,  Ph.  D. 
Applied  Mechanics,— M.  Goodeve,  M.A. 


MetaUurgy.—J.  Percy,  M.D.,  F.R.8. 
Geology.— k.  C.  Ramsay,  LL.D.,  F.ILS. 
ifwmg  and  Mineralogy.— W.  W.  Smyth,  ^LA. 

Mechanical  Drawing.— B/ev.  J.  H.  Edgar,  M.A. 
Museum  open  eveiy  day  but  Friday,  except  from 
the  10th  of  August  to  the  10th  of  September. 


EDINBURGH  MUSEUM  OF  SCIENCE  AND 
ART. 

I>irtfr^or.— Professor  T.  C.  Archer,  F.R.S.E. 
Keeper  of  Natural  History  Museum.— Pnteasor 

Allman,  M.D.,  F.RS. 
C^ra^or.—Alexander  Galletly. 
Assistant  in  Natural  Hittory  Musenm.S. 

Davies. 

Assistant  in  Industrial  Museum.—J.  Paton. 
Clerks.— J.  Gibson ;  W.  Clark. 


ROYAL  COLLEGE  OP  SCIENCE,  DUBLIN. 

Dean  ofFdculty.-^ir  R.  Kane.  F.RS. 
Secretary.— ¥.  J.  Sidney,  LL.D. 
Curator  qf  Museum.— A.  Gages. 
Clerk.~-Q.  C.  Penny. 

PBOFEB80B8. 

Physics.— Barker.  M.D. 
Chemistry.— W.  K.  Sullivan.  Ph.D. 
Applied  Chemistry.— "BL.  Galloway. 
Geology.— E.  Hull,  F.RS. 
Applied  Mathematics.— IBUdbert  Ball,  M,A. 

B.A. 


Descriptive  Geometry  and  Drawing.— Tbiamis 
F.  Pigot. 

3fining  and  Mineralogy.— J.  P.  O'Reillr. 
Demonstrator  in  Palaontology.—\V.  H.  Baily. 
F.L.S. 

Assistant  Chemist.— W.  Plunkett. 

ROYAL  DUBLIN  SOCIBTY. 

President.— Kis  Exoellen<?y  the  Lord  Lieu- 
tenant. 

Secretaries.— Q.  W.  Maunsell,  A.M. ;  Lawrence 

Waldron,  D.L. 
Registrar  and  Assistant.— Secretary,  W.  E. 

Steele,  M.D. 
Treasurer,  rf-c— H.  C.  White. 
Director  of  Natural  History.— A.  Carte,  MJ>. 
Keeper  qf  Minerals.— Dr.  J.  EmenonR^nolds. 
Librarian.— B.  R  P.  Collis. 
Temporary  Assistant.— R.  W.  D.  Dunlop. 
Director  qf  Botanic  Gardens,  Glasnevin^-^V. 
Moore,  Ph.D. 

ZOOLOGICAL  GARDENS,  DUBLIN. 

5err<»toWc#.— Professor  M 'Dowel,  MJ).;  Rer.S. 
I     Haughton.  M  J)..  F.RS. 
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INTRODUCTION. 


The  following  introduction  gives  a  general  outline 
of  the  action  of  the  Department,  and  has  been  pre- 
pared to  enable  those  who  wish  to  establish  a  Science 
School  or  Class  the  more  readily  to  understand  the 
detailed  rules  and  regulations  under  which  the  aid 
of  the  Department  is  administered. 


1.  In  order  to  place  a  Science  school  or  class  in  Local  com- 
connexion  with  the  Science  and  Art  Department,  an 
approved  committee,  consisting  of  at  least  five  well- 
known  and  responsible  persons  must  be  formed.  (See 
Science  Directory,  §§  X.  to  XVL,  pp.  4  to  6.) 

2.  The  list  of  Science  subjects  towards  instruction  Subjects  of 
in  which  aid  is  given  by  the  Department  will  be 

found  at  p.  3. 

3.  The  aid  is  given  in  the  form  of — Public  exami-  Nature  of  aid. 
nations,  in  which  Queen's  Medals  and  Queen's  Prizes 

are  awarded,  held  at  all  places  complying  with  certain 
conditions ;  payments  on  results  as  tested  by  these 
examinations ;  scholarships  and  exhibitions ;  building 
grants ;  grants  towards  the  purchase  of  apparatus,  &c. 

4.  The  Examinations  are  held  about  the  month  Examinations, 
of  May  under  the  superintendence  of  the  local  com- 1^^^ 
niittees.   The  examination  papers  are  prepared  by  the 
professional  examiners  in  London.    An  evening  is  set 

apart  for  one  or  more  subjects,  so  that  the  examina- 
tion in  each  subject  is  simultaneous  over  the  whole 
kingdom.    (See  Science  Directory,  §  XVIIL,  p.  7.) 

5.  A  packet  of  Examination  papers  is  sent  to  Examination 
each  local  secretary,  who  opens  it  in  the  presence  of  J^^t  "nd'''' 
the  committee  and  candidates.    The  committee  is  worked, 
held  responsible  that  no  unfair  means  of  any  descrip- 
tion are  used  in  working  the  papers,  and  that  the 

niles  of  the  Department  are  strictly  complied  with. 
{See  Science  Directory,  §  XXIL,  p.  8,  and  Appen- 
dix A.,  Science  Form  No,  91,  p.  38.)  ^^^^^^ ,,Google 


vi 


INTRODUCTION. 


Class  examina- 
tions. 


For  Honoars. 


Medals. 


Prizes. 


Payments  on 
Results. 


Amount  and 
conditions  of 
pajrment. 


Qualification. 


6.  The  examinations  are  of  two  kinds,  but  held 
together  (See  Science  Directory,  § XVIII.,  p.  7),  viz,: 

a.  The  class 'examinations,  of  which  there  are  two 

grades  or  stages  ;  the  first  stage  or  elementary 
examination^  and  the  second  stage  or  ad- 
vanced examination.  The  successful  candi- 
dates in  both  stages  are  divided  into  1st  and 
2nd  class. 

b.  The  honours  examination  of  a  highly  advanced 

character.    In  this  there  are  also  two  classes. 

Any  person  however  taught  may  sit  at  any  one 
of  these  examinations.  (See  Science  Directory, 
§  XXVIII.,  p.  10.) 

7.  Four  medals,  one  gold,  one  silver,  and  two 
bronze,  are  given  in  each  subject  in  competition  in 
the  class  examinations  among  the  students.  {See 
Science  Directory,  §  XXXI.,  p.  11.) 

8.  Queen's  prizes  consisting  of  books  or  instru- 
ments are  also  given  to  all  candidates  successful  in 
obtaining  a  first  class  in  either  stage  of  the  class 
examinations.  (See  Science  Directory,  §  XXIX., 
p.  10.) 

9.  Payments  are  made  either  to  the  Committees 
or  to  the  Teachers  on  the  results  of  the  May  exami- 
nation. 

10.  These  payments  are  made  only  on  account  of 
'  the  instruction  of  students  of  the  industrial  classes,  or 

on  account  of  the  instruction  of  their  children*  (For 
a  definition  of  the  Industrial  Classes  see  Science 
Directory,  §  XXXVI.,  p.  13.)  They  are— 2/.  for  a 
first  class,  and  1/.  for  a  second  class,  in  each  stage. 
(See  Science  Directory,  §§  XXXVII. and  XXX VIII, 
p.  13.)  In  certain  cases  payments  are  also  made  for 
"  honours."  The  teacher  must  have  given  each 
student  25  lessons  at  least.  (See  Science  Directory, 
§  XXXV.,  p.  12.) 

11.  Any  person  may  qualify  himself  or  herself  to 
earn  payments  on  results,  by  obtaining  a  first  or 
second  class  in  the  advanced  grade  of  the  class  exa- 
mination, or  by  taking  honours.  ,,,,,, ^Google 
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This  examination  is  dispensed  with  when  the  can- 
didate has  takra  a  degree  at  one  of  the  Universities 
of  the  United  Kingdom.  (See  Science  Directory, 
§  XXXIIL,  p.  12.) 

12.  To  assist  in  the  instruction  of  deserving  Scholarships, 
students,  aid  is  given  in  the  creation  of  two  forms  of 
scholardip  in  connexion  with  elementary  schools. 

0.  In  the  Elementary  School  Scholarship  bl.  are  Elementary 
granted  to  the  managers  of  any  elementary  scholar- 
school  for  the  support  of  a  deserving  pupil  *  ^' 
selected  by  competition,  if  they  undeitake  to 
support  lum  for  a  year  and  subscribe  5/.  for 
that  purpose.    The  payment  of  5/.  by  the 
Science  and  Art  Department  is  conditional 
on  the  scholar  passing  in  some  branch  of 
science  at  the  next  May  examination.  {See 
Science  Directory,  §§  XLVII.  and  XLIX., 
p.  17.) 

h.  In  the  Science  and  Art  Scholarship,  which  is  of  Science  and 
a  more  advanced  character,  a  similar  contri- 
bution  of  5/.  is  required  on  the  part  of  the 
locality,  and  a  grant  of  10/.  is  made  by  the 
Department  towards  the  maintenance,  for  one 
year,  of  the  most  deserving  pupil  or  pupils  in 
elementary  schools  who  have  nassed  certain 
examinations  in  science  and  in  orawing.  (See 
Science  Directory,  §§  XLVII.  and  L.,  pp.  17 
and  18.) 

In  both  these  cases  the  scholar  must  be  from  12  to 
16  years  of  age,  and  one  scholarship  is  allowed  per 
100  pupils  in  the  school. 

13.  There  are  also  two  forms  of  Exhibitions.  Rxhibitions. 
These  are : — 

a.  Local  Exhibitions  to  enable  students  to  com-  tK)cai  exhiw- 
plete  their  education  at  some  college  or  school 
where  scientific  instruction  of  an  advanced 
character  may  be  obtained.  Grants  of  25/. 
per  annum,  for  one,  two,  or  three  years  are 
made  for  this  purpose  when  the  locality  raises 
a  like  sum  by  voluntary  subscriptions.  And 
if  the  student  attend  a  State  school,  such  as 
the  Royal  School  of  Mines  in  London,  (g^^gj^ 


VUl 


INTBODUCTION. 
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Whitworih 
ScholanhipB, 


Royal  College  of  Chemistry  in  LondoD,  or 
Royal  College  of  Science  in  Ireland,  the  fees 
are  remitted.  The  exhibition  must  be  awarded 
in  competition.  (See  Science  Directory, 
§§  Lll.  and  LIII.,  p.  19  ) 
b.  Royal  Exhibitions  of  the  value  of  50/.  per 
annum  tenable  for  three  years,  to  the  Royal 
School  of  Mines,  London,  and  the  Royal 
College  of  Science,  Dublin,  are  given  in  com- 
petition at  the  May  examinations.  Six  are 
awarded  each  year — three  to  each  institution. 
Free  admissions  are  also  given  to  all  gold 
medallists.  {See  Science  Directory,  §§  Lll., 
LIV.,  LV.,  pp.  19  to  21.) 
14.  Besides  these,  the  Whitworth  Scholarsh^ 
of  the  value  of  100/.  per  annum,  tenable  for  two 
or  three  years,  are  also  given  in  competition  at  the 
May  examinations,  {See  Science  Directory,  §  LVL, 
p.  21.) 

Building  grant.  15.  A  grant  iu  aid  of  a  new  building,  or  for  the 
adaptation  of  an  existing  building,  for  a  School  of 
Science  may  be  made  at  a  rate  not  exceeding  2*.  6d. 
per  square  foot  of  internal  area,  up  to  a  maximum 
of  500/.  for  any  one  school,  provided  that  cerUun 
conditions  are  complied  with  and  that  the  school  be 
built  under  the  Public  Libraries  and  Museums  Act, 
or  be  built  in  connexion  with  a  School  of  Art,  aided 
by  a  Department  building  grant.  {See  Science 
Directory,  §  LVII.,  p.  21.) 

16.  A  grant  towards  the  purchase  of  apparatus, 
diagrams,  &c.,  of  50  per  cent,  of  the  cost  of  them  is 
made  to  Science  Schools.  {See  Science  Directory, 
§§  LVIIL  to  LXIII.,  pp.  22  and  23.) 


Apparatus 
grant 
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SCIENCE  DIRECTORY, 
Revised  to  Feb.  1870. 

Showing  the  Nature  and  Amount  of  Assistance 
afforded  by  and  through  the  Science •  and  Art 
Department  to  Instruction  in  Science. 


[The  Roles  in  the  present  Edition  snpenede  those  in  all  former  Editions,  hat 
are  aIwijs  sahject  to  Revision.  Important  AiteratiomM  made  tinct  the 
Uuieditkm  of  the  Directory  are  printed  in  Italics,'} 
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SCIENCE  DIRECTORY, 

Containing  the  Detailed  Rules  and  Regulations  under  which  Aid 
to  Science  Schools  and  Classes  is  administered. 


Parliamentary 
vote. 


Heads  of 
the  Depart- 
ment 


Oljectof  the 
grant 


Grant  liable  to 
be  withdrawn. 


Payment  of 
Fees  by 
Students. 


I.  A  sum  of  money  is  voted  annually  by  Parlia- 
ment for  scientific  instruction  in  the  United  Kingdom, 
and  is  administered  by  the  Science  and  Art  Depart- 
ment. 

II.  The  head  of  the  Education  Department,  of 
which  the  Science  and  Art  Department  is  a  branch,  is 
the  Lord  President  of  the  Council,  assisted  by  a 
member  of  the  Privy  Council,  who  is  called  the  Vice- 
President  of  the  Committee  on  Education,  and  who 
acts  under  the  direction  of  the  Lord  President,  and 
for  him  in  his  absence.  (Order  in  Council,  25th 
February  1856,  Act  19  &  20  Vict.  c.  116.) 

III.  The  object  of  the  grant  is  to  promote  instruc- 
tion in  Science  especially  among  the  industrial  classes, 
by  affording  a  limited  and  partial  aid  or  stimulus 
towards  the  founding  and  maintenance  of  Science 
schools  and  classes. 

IV.  The  amount  is  liable  to  be  decreased  and  even- 
tually withdrawn.  Payments  to  teachers  therefore 
must  not  be  looked  upon  as  perpetual,  or  in  any  way 
conferring  on  the  teacher  a  claim  to  any  payments 
beyond  those  offered  for  each  current  year. 

V.  The  payment  of  fees  by  the  students  can  be 
looked  upon  as  the  only  solid  and  suflScient  basis  on 
which  a  self-supporting  system  can  be  established 
and  supported.  Though  my  Lords  do  not  consider 
it  necessary  at  present  to  lay  down  any  rules  making 
the  payment  of  fees  an  absolute  condition  of  the 
grants  on  account  of  Science  instruction,  yet  as  the 
payments  from  the  State  must  be  expected  to  dimi- 
nish, and  as  aid  on  account  of  those  persons  who  do 
nothing  for  themselves  cannot  be  justified.  Com- 
mittees of  schools  and  classes  and  teachers  are 
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strongly  urged  (shoiild  it  at  present  not  be  the  prac- 
tice) at  once  to  impose  as  nigh  a  scale  of  fees  as 
they  consider  can  be  raised  not  only  on  middle  class 
stadents  but  also  oq  artisans* 

VI.  The  following  are  the  Sciences  towards  in- List  of  Science 
strucUon  in  which  aid  is  given : —  wbjecta 

Subject  1,  Practical    Plane    and    Solid  Geo- 
metry. 

n      2,  Machine  Construction  and  Drawing. 
„      3,  Building     Construction    or  Nkyal 
Architecture  and  Drawing. 

•  Pure  Mathematics. 


6)  Theoretical  Mechanics. 
7 J  Applied  Mechanics. 
8,  Acoustics,  Light,  and  Heat« 
jj      Qj  Magnetism  and  Electricity. 
„     10,  Inorganic  Chemistry. 
„     11,  Organic  Chemistry. 
„     12,  Geology. 
„     13,  Mineralogy. 
„     14,  Animal  Physiology. 
„     15,  Zoology.* 

„     16,  Vegetable  Anatomy  and  Physiology. 
„     17,  Systematic  and  Economic  Botany. 
„     18,  Principles  of  Mining. 
„     19,  Metallurgy. 
„     20,  Navi^tion. 
„     21,  Nautical  Astronomy. 
„     22,  Steam. 
„     23,  Physical  Geography, 
VII.  The  assistance  granted  by  the  Science  ^dNito^ofaa- 
Art  Department  is  in  the  form  of — 

1.  Public  examinations,  in  which  Queen's  Medals 

and  Queen's  Prizes  are  awarded,  held  at  all 
places  complying  with  certain  conditions. 

2.  Payments  on  results  to  Committees  or  teachers. 

3.  Scholarships  and  Exhibitions. 

•  No  candidate  will  be  passed  in  Zoology  unless  at  the  same  or  at  a  previous 
exaimnationi  he  has  passed  in  the  elementary  stage  of  Animal  Physiology. 
1    ppendix  B,,  p.  99.) 
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4.  Building  Grants. 

5.  Grants  towards  the  purchase  of  apparatus,  &c. 

6.  Supplementary  grants  in  certain  subjects,  and 

special  aid  to  teachers  and  students. 

Note. — As  respects  all  grants  and  awards, 
the  Department  will  be  the  sole  judge^  and 
cannot  enter  into  correspondence  respecting 
its  decisions. 

School  Pre-  VIII.  Suitable  premises,  with  firing,  lighting,  &c., 
niiBes.  must  be  found  and  maintained  at  the  cost  of  the 
locality  where  the  school  or  class  is  held.  If  at  any 
time  the  funds  do  not  cover  these  requisite  local  ex- 
penses, it  must  be  inferred  that  there  is  no  such 
demand  for  instruction  in  the  locality  as  the  Govern- 
ment is  justified  in  aiding ;  and  the  assistance  of  the 
Department  will  be  withdrawn. 

IX.  A  school  or  class  receiving  aid  from  the 
Science  and  Art  Department  must  be  at  all  times 
open  to  the  visit  and  inspection  of  its  officers. 

Constitution  of  X.  Evcry  Scicucc  School  or  Class  must  be  under 
^ocj^Com-  management  of  a  Local  Committee  who  are 

required  to  be  responsible  for  the  safe  custody  of  all 
apparatus,  towards  the  purchase  of  which  the  Depart- 
ment has  granted  aid,  and  to  conduct  the  examina- 
tions according  to  the  rules.  {See  Appendix  A., 
Science  Form  No.  91,  p.  38.) 

The  relation  of  the  teacher  to  the  Committee  of  a 
school  or  class  will  vary  much  according  to  the  vary- 
ing circumstances  of  different  localities.  With  this 
and  other  local  arrangements  the  Science  and  Art 
Department  does  not  interfere,  but  leaves  them  to 
the  locality  to  settle. 

a.  The  Committee  must  consist  of  a  Chairman,  Secretarj, 
and  at  least  three  other  members,  and  must  be  composed 
entirely  of  well-known  responsible  persons  of  independent 
position  who  have  no  such  personal  interest  in  the 
school  or  class  as  can  lay  them  open  to  the  slightest 
suspicion  of  partiality.  Relations  and  pupils  of  the 
Teacher,  persons  under  instruction  in  any  school  or 
class  receiving  aid  from  the  Science  and  Art  Depart- 
ment, and  teachers  of  any  description  having  pupils 
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who  are  candidates  for  the  examinations  of  the  Depart- 
ment, are  not  eligible  as  members  of  the  Committee. 

Note. — gentleman  whose  son  attends  any  exami- 
nation of  the  Science  and  Art  Department  is  thereby 
disqualified  from  superintending  any  of  the  examinations 
that  year,  though  he  may  act  on  the  Committee  in  other 
respects. 

b.  It  is  very  desirable  that  as  many  persons  as  possible  in 

recognised  positions  of  public  responsibility  in  the  dis- 
trict, such  as  magistrates,  municipal  authorities  (mayor, 
aldermen,  or  town  councillors),  heads  of  educational 
establishments  (trustees  of  grammar  schools,  managers 
of  National  schools),  clergymen,  &c.,  should  be  on  the 
Committee,  and  it  is  absolutely  necessary  that  at  least 
two  such  responsible  persons  should  agree  to  act. 

c.  The  Chairman  must  be  a  magistrate,  mayor,  borongh- 

reeve,  provost,  alderman,  or  other  public  officer  of  recog- 
nised position;  trustee  of  grammar  school,  clergyman 
of  the  Established  Church  in  parochial  employment,  or 
minister  of  religion  in  charge  of  a  licensed  place  of 
public  worship.  He  will  have  to  certify  that  the  con- 
stitntion  of  the  Committee  is  in  accordance  with  the 
above  requirements.  {See  Appendix  A.,  Science  Form 
No.  88,  p.  29.) 

d.  The  Secretary  of  the  Committee  of  the  School  or  Class, 

as  being  the  medium  of  communication,  will  carry 
on  all  correspondence  with  the  Science  and  Art  De- 
partment, and  is  held  responsible  for  making  out 
and  sending  all  returns  required,  for  the  receipt  and 
distribution  of  the  examination  papers,  the  transmission 
of  the  worked  papers,  &c.,  at  the  proper  times  accord- 
ing to  the  regulations. 

XI.  The  gentlemen  who  intend  to  act  on  this  Formation 
Committee  must  sign  their  names  to  a  form  {write  ^^.^^ 
for  Science  Forms  Nos.  88  and  120),  stating  their 
willingness  to  carry  out  the  necessary  arrangements 
for  examinations,  and  to  observe  all  the  regulations 
of  the  Department ;  each  member  after  signing  must 
also  give  his  address  and  occupation.    Care  must 
be  taken  that  the  members  who  sign  are  properly 
acquainted  with  the  duties  they  propose  to  discharge. 
When  a  school  or  class  is  first  formed,  the  Form  No.  88  must 
be  signed  at  a  general  meeting  of  the  Committee.    If  the 
same  Committee  continue  to  act  it  will  only  be  necessary 
to  iiU  up  Form  No.  I689  which  expresses  the  willingness 
of  the  members  to  undertime  their  duties  for  another 
year ;  but  no  one  can  be  a  member  of  a  Committee  nor 
assist  in  the  conduct  of  an  examination  who  has  not  signed 
Form  No.  88. 
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COMMITTEE  PAYMENT. 


ApproYai  of,  XIL  As  80on  OS  a  school  or  class  has  been  esta- 
ment*  blishcd  and  the  Committee  formed,  application  must 
be  made  that  it  may  be  approved  by  the  Department 
{send  up  Science  Forms  Nos.  88  and  120).  No 
payments  on  account  of  instruction  will  be  made 
unless  this  approval  has  been  obtained  before  the 
31st  January  preceding  the  examination. 

N.B, —  The  school  and  class  registers  (see  §  XLIII., 
p,  15)  will  not  be  sent  until  these  forms,  properly  filkd 
up,  have  been  received  from  the  school  applying  for  them. 


Committee  for  XIII.  A  Committee  may  be  formed  for  conducting 
e^MtiSn'*  the  examination  only  of  a  class  or  school  which  does 
only.  not  receive  aid  from  the  Department  in  the  form  of 

payments  on  results.  It  must  be  approved  before 
the  31st  March  {write  for  Science  Form  No.  88a). 

Reimbursement     XIV.  For  the  clerical  labour  of  making  the  neces- 
of  Committee.         rctums,  fiUiug  up  forms,  &c,,  a  grant  is  made 
to  the  Committee  of  1/.    This  is  paid  after  the  con- 
clusion of  the  examinations. 

When  more  than  two  examinations  are  held,  tlie 
sum  of  105.  will  be  allowed  to  the  Committee— or 
in  the  case  of  an  amalgamation  {see  §  XXV.,  p.  9)j 
to  the  amalgamated  Committee — for  each  further 
examination  lor  the  expenses  connected  with  it. 

These  grants  will  only  be  made  provided  the  examinatioD^ 
are  regularly  conducted,  and  the  returns  and  forms  sent 
Tip  in  due  course,  as  given  on  the  Science  Fonn  No.  170. 
(See  Appendix  A,,  p.  28.) 

Inspection.  XV.  As  often  as  may  be  necessary  an  Inspector  of 
the  Department  will  visit  the  school  or  class,  and 
report  on  the  condition  of  the  premises,  the  constitu- 
tion of  the  Committee,  and  the  manner  in  which  the 
regulations  are  carried  out. 

If  due  notice  of  the  visit  of  the  Inspector  has  been  giv^en, 
a  meeting  of  the  Committee  must  be  held  to  receive  him, 
at  which  as  many  of  the  members  as  possible  are  expected 
to  attend.    {See  Science  Form  No.  170,  Appendix 
p.  28.) 

S^^^'    XVI.  At  page  28  in  the  Appendix  will  be  found 
a  table  of  memoranda  for  the  use  of  Secretaries  and 
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Members  of  Science  Committees  {write  for  Science 
Form  No.  1 70)  which  it  is  expect^  will  he  carefully 
attended  to. 

Examinations. 

XVII.  The  Science  and  Art  Department  holds  an-  ^^mination 
nuallj  about  May,  through  the  agency  of  the  Local  ^ 
Committees,  public  examinations  in  all  the  before* 
mentioned  Sciences  in  any  place  in  the  United 
Kingdom  ^hich  complies  with  the  requisite  condi- 
tions. {See  §§  X.  to  XIIL,  p.  6.)  On  the  results  of 
this  examination  payments  are  made  for  the  instruc- 
tion of  the  students,  and  medals  and  prizes  are 
awarded. 

For  Navigation  Classes  special  examinations  are 
also  held  three  times  a  year.   {See  §  LXIV.,  p.  24.) 

XVIIL  The  examinations  are  of  two  kinds,  but  Examinations, 
are  held  on  the  same  evening  and  conducted  by  the 
same  Committee : — 

a.  The  class  examinations  for  students  under 
instruction  in  Science  Classes  whether  t^iught 
bv  teachers  qualified  to  earn  payments  on 
results  or  not. 

6.  The  honours  examination,  of  a  highly  advanced 
character. 

XIX.  For  the  purj^ose  of  the  class  examinations  each 
subject  is  divided  into  two  stages — the  elementary  eLuninaSons. 
and  the  advanced  stage  except  Mathematics^  which 
n  divided  into  seven  stages  {see  Syllabus,  p.  54). 
There  is  a  different  examination  paper  for  each  stage, 
and  in  each  stage  there  are  two  grades  of  success — 
first  and  second  class.  For  the  second  or  lowest  class 
of  the  elementary  stage,  the  standard  of  attainment 
required  is  only  such  as  will  justify  the  Examiner 
in  reporting  that  the  instruction  has  been  sound, 
and  that  the  students  have  benefited  by  it ;  but  the 
standard  may  be  raised  from  year  to  year. 
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aassexamna'  XX.  In  Mathemotics  the  examination  in  stages 
^m^ematics.  1|  2,  and  3  is  held  on  one  evening ;  in  4  andb  on 
another  ;  and  in  6  and  7  on  another.  A  student  can 
only  take  up  the  examination  in  one  stage  on  one 
evening. 

XXI.  There  is  an  honours  paper  in  each  subject, 
except  Mathematics^  which  for  this  purpose  may  he 
considered  as  divided  into  three  subjects^  an  honours 
paper  being  set  on  each  evening  for  the  whole  of  the 
stages  comprised  in  that  evening's  examination. 

Application  for  XXII.  An  application^  stating  in  what  subjects 
Examinatian.  examination  will  be  required^  must  be  made  on 
Science  Form  No.  329,  and  sent  in  before  the  28th  of 
February.  A  second  form  (Science  Form  No.  119) 
must  be  sent  in  before  the  3lst  of  March^  gi^^^g  i^^^ 
precise  number  of  candidates  to  be  examined  in  each 
subject. 

On  the  Z\st  of  March  the  examination  lists  must 
be  fnally  closed^  and  unless  these  instructions  have 
been  strictly  adhered  to  no  examination  can  be 
held. 

The  rules  for  the  conduct  of  the  examinations  will  be  fwnd 
on  Science  Form  No.  91  {sec  Appendix  A.,  p.  38).  They 
must  he  carried  out  with  the  utmost  strictness. 

Re-exami-  XXIIL  Should  there  be  at  any  time  reason  to  sus- 
nation.  faimcss  of  the  examination  generally,  or  of 

the  way  in  which  particular  candidates  have  worked 
their  papers,  a  further  examination  will  take  place 
in  such  manner  as  may  be  deemed  most  advisable. 
Refusal  on  the  part  of  any  candidate  to  be  re-examined 
will  entail  the  cancelling  of  his  previous  examination. 

Department  not  XXIV.  All  possible  carc  wiU  be  taken  by  the 
^^^^^^^^^  Department  at  the  time  of  the  examinations  that 
papers  shall  be  forwarded  in  accordance  with  the 
applications,  and  that  the  results  may  be  correctly 
issued.  As,  however,  a  very  large  number  of  classes 
have  to  be  dealt  with,  mistakes  may  possibly  occur. 
The  Department  cannot  undertake  to  rectify  such 
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mistakes,  nor  will  it  hold  itself  responsible  for  any 
loss  which  may  in  consequenoe  accrue  to  individual 
committees,  teachers,  or  students. 

XXV.  If  two  or  more  classes  in  the  same  town,  or  Amalgamation 
within  a  reasonable  distance  of  one  another,  apply  for  cLmSSSe^* 
the  examination  of  the*  Science  and  Art  Department, 

a  general  examination  committee  must  be  formed  by 
the  amalgamation  of  the  several  Committees  to  carry 
out  the  examinations  at  some  common  centre,  such 
as  the  town  hall  or  other  public  building.  It  is  only 
when  the  Inspector  reports  that  the  local  circum- 
stances are  of  such  a  character  as  to  render  an 
amalgamation  of  the  Committees  impracticable  that 
it  will  not  be  insisted  on. 

When  there  are  not  more  than  three  candidates  in  one  place, 
it  win  be  at  the  discretion  of  the  Department  to  allow  a 
separate  examination,  or  to  require  the  candidates  to  go 
to  a  neighbouring  centre. 

XXVI.  In  large  towns  or  populous  districts  where  Special  Local 
there  are  three  or  more  schools,  and  where  numerous 
examinations  are  to  be  held,  the  Scienc^e  and  Art 
Department  may  at  its  discretion  require  a  Special 

Local  Secretary  to  be  appointed  to  manage  the 
whole  of  the  examination  business.  The  Department 
will  correspond  with  him  alone  on  all  subjects  con- 
nected with  the  examination.  He  will  be  allowed  a 
fee  of  ten  guineas,  and  an  extra  fee  of  half  a  guinea 
for  each  night  that  an  examination  is  held. 

The  rule  requiring  an  amalgamated  examination  to  be  held 
in  some  one  public  building  (see  §  XXV.)  will  be 
adhered  to  also  in  this  case.  Even  where  no  sufficiently 
large  public  building  can  be  obtained,  or  where  there  may 
be  other  insuperable  difficulties  to  holding  the  examina- 
tions at  one  centre,  the  one  Special  Local  Secretary  must 
still  bo  the  one  medium  of  communication  with  the  De- 
partment, and  will  be  responsible  for  all  arrangements 
subject  to  the  approval  of  the  Science  and  Art  Depart- 
ment. 

XXyil.  The  election  of  the  Special  Local  Secre-  f^^^ 
tary  will  rest  with  the  Local  Committees ;  or  failing  secretary, 
their  coming  to  an  agreement  he  will  be  nominated 
by  the  Mayor  or  other  principal  municipal  authority. 
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The  Special  Local  Secretary  must  be  nominated 
for  the  approval  of  the  Science  and  Art  Department 
from  year  to  year,  before  the  15th  of  March. 
Examination  XXVIIL  Bcsidcs  the  registered  students  of  a  claas, 
Students.*  any  other  person  may  present  himself  for  examina- 
tion before  the  Local  Committee  whenever  an  exami- 
nation is  being  held  .for  the  class.  Before  the  2^th 
of  March  he  must  apply  to  a  Local  Secretary^  who 
will  forward  his  name  to  the  Department  on  Science 
Form  No.  119,  and  if  required  by  the  Local  Com- 
mittee he  will  have  to  pay  a  registration  fee  of  not 
more  than  2^.  6rf.  Arrangements  must  therefore  be 
made  by  the  Local  Committee,  or  the  General  Exa- 
mination Committee,  as  the  case  may  be,  to  give 
accommodation  at  the  examination  to  all  outside  can- 
didates i^Ao  have  given  the  proper  notice^  as  well  as 
to  the  students  in  the  class  for  which  the  Committee 
act,  to  sit  at  the  examination. 

The  registration  fee  of  2$.  6rf.,  which  such  candidates  may 
be  required  to  pay,  is  to  reimburse  the  Committee  for  any 
extra  expenses  incurred  by  such  attendance,  and  may  at 
their  option  be  reduced  or  remitted. 

Queen'B  Prizes.  XXIX.  To  all  successful  studcnts  are  given 
printed  lists  of  results  showing  their  position;  to 
the  first  class  in  each  stage  are  given  Queen  s  prizes, 
consisting  of  books  or  instruments  chosen  by  the 
candidates  from  lists  furnished  for  that  purpose. 
{Apply  for  Science  Form  No.  110.) 

No  Queen's  prize  or  medal  will  be  given  to  a  student  in  the 
advanced  stage  unless  he  have  previously  passed  in  the 
elementary  stage,  or  been  successful  under  the  old  system. 

Candidates        XXX.  The  prizes  are  unlimited  in  number,  and 
^^i'^^'     are  open  to  all  candidates  who  come  within  either  of 
the  following  categories  s — 

(1)  Students  in  Science  Classes  under  Teachers 
qualified  to  earn  payment. 

(2)  Registered   Students  in  Artisan  Classes 

taught  by  other  Teachers. 

The  following  are  not  eb'gible  for  prizes : — 

a.  Students  who  have  previously  received  the  same,  or 
a  higher  class^  in  the.  same  subject ;  and 
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b.  Teachers  earning  or  who  have  earned  payments  on 

the  results  of  instruction.  Also 

c.  Persons  who  are  or  have  been  students  of  the  Queen's 

Colleges  in  Ireland,  the  Koyal  School  of  Mines, 
London,  the  Royal  College  of  Science,  Dublin,  the 
Koyal  Dockyard  Schools,  and  other  institutions 
receiving  State  aid  for  instruction  may  compete 
for  the  Whitworth  »and  other  Exhibitions  and 
Scholarships  of  the  Department,  but  they  cannot 
take  Queen's  prizes  and  medals,  except  in  those 
subjects  which  are  not  taught  as  a  portion  of  (he 
regular  course  in  the  Institutions  to  which  they 
belong. 

XXXI.  Four  medals,  one  gold,  one  silver,  and  Qneen's 
two  bronze,  are  given  in  the  class  examination  in  each 
subject  for  competition  among  the  bond  fide  students 

of  Science  Classes  who  either  come  within  the  cate- 
gory of  persons  on  account  of  whom  payments  can  be 
earned,  or  are  under  17  years  of  age. 

Only  registered  students  of  schools  and  classes  under  Local 
Committees  {see  §  X.,  p.  4)  can  take  medals :  middle 
class  students,  persons  engaged  in  teaching,  ns  well  as 
teachers  in  training ,  who  are  more  than  17  years  of  age, 
even  if  qualified  as  above,  are  ineligible  for  them.  Should 
a  student  take  more  than  one  gold,  silver,  or  bronze  medal, 
he  will  receive  books  instead. 

Payments  on  Results. 

XXXII.  Payments  are  made  on  the  results  of  in-  Qualification 
struction  when  it  has  been  given  by  teachers  who  pay^ettte  on 
have  qualified  in  either  of  the  categories  mentioned  results, 
below :  And  no  payments  are  made  on  account  of 
instruction  given  in  subjects  in  which  the  teacher  is 

not  so  qualified. 
The  qualification  consists  in  having — 

a.  obtained  a  teacher's  certificate  in  any  of  the 
before-mentioned  sciences  according  to  the  rules  in 
force  previous  to  January  1867;  or, 

b.  obtained  a  First  or  Second  Class  in  the  ad- 
vanced stage  at  the  May  class  examinations  since 
that  date ;  or, 

c.  taken  honours  at  the  May  examination. 

In  Mathematics  a  First  Class  in  each  stage  will 
from  and  after  May  1870  qualify  the  holder  to  earn 
payments  on  the  results  of  instruction  in  that  stage^ 
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and  a  First  Class  or  Honours  in  stages  3,  5,  and  7, 
on  the  results  of  instruction  in  the  preceding  stages. 

Teachers  already  qualified  to  earn  pat/ments  in  Elementary 
Mathematics "  are  qualijied  in  stages  1,  2,  and  3,  and 
teachers  already  qualified  in  "  Higher  Mathematics  "  are 
qualiHed  in  all  the  stages  of  Pure  Mathematics, 

XXXIIL  The  examination  for  qualification  to  earn 
payments  on  results  of  instruction  will  be  dispensed 
with  in  the  case  of  a  candidate  who  has  taken  a  degree 
at  any  University  of  the  United  Kingdom,  or  who  has 
obtained  the  Associateship  of  the  Royal  School  of 
Mines,  London,  or  the  Royal  College  of  Science, 
Ireland, 

Before  sucli  a  candidate  commences  to  teach^  in  order  to  earn 
payment  on  results^  he  must  make  formal  application  to  the 
Department  to  be  recognised  as  a  Science  teacher,  and  he 
must  furnish  full  particulars  of  his  occupation  and  position 
accompanied  by  his  diploma  or  a  certificate  from  the 
registrar  of  his  University, 

Teachers  who  previously  to  the  28th  January  1869  have 
obtained  Art  certificates  of  the  third  grade  are  also  qualified 
without  further  examination  to  earn  payments  on  the 
results  of  their  instruction  in  subjects  I.,  U.,  and  IIL,  under 
the  same  rules  and  on  the  same  conditioua  precisely  as 
Science  teachers.  Jt  must  be  clearly  understood  that  to 
claim  these  payments  the  rules  of  the  Science  IHrectory 
must  be  adhered  to, 

XXXIV.  Payments  on  results  are  raade  at  the  dis- 
cretion of  the  Department  either  directly  to  teachers 
or  to  the  Committee  or  managers  of  the  school. 

XXXV,  Payments  are  only  made  to  the  teacher 
or  to  the  Committee  on  condition  that  the  student  has 
received  25  lessons  at  least  from  the  teacher  or 
teachers  in  each  subject  in  which  payment  is  claimed 
since  the  last  examination,  each  lesson  being  an 
attendance  at  a  meeting  of  the  school  of  at  least 
three-quarters  of  an  hour's  duration  on  a  separate  day. 
The  25  lessons  need  not  necessarily  be  all  given 
in  one  year,  but  may  extend  over  a  longer  period. 

It  must  be  clearlj  understood  that  the  number  (26)  of  lessons 
which  the  teacher  is  required  to  give  is  the  minimam 
fixed  as  a  criterion  that  the  pupil  has  received  his  in- 
struction from  the  teacher.  It  is  not  meant  in  anj  waj 
to  specify  that  that  amount  of  instruction  is  sufficient^ 
or  to  guarantee  the  teacher's  receiving  payment,  if  that 
amount  of  instruction  alone  is  given. 
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XXXVI.  Payments  are  made  to  the  quali6ed 
teacher  ou  account  of  the  instruction  of  students  inBtniction  of 
of  the  Industrial  Classes  only.  a^^^ 

Under    Students  of  the  Industrial  Classes  "  are  included  Definition  of 
only :—  Indnstrial 

a.  Artisans  or  operatives  in  the  receipt  of  weekly  Claases. 

wages. 

b.  Coastguards,  policemen,  and  others  who,  though  in 

receipt  of  weekly  wages,  do  not  support  themselves 
by  manual  labour. 

c.  Persons  in  the  receipt  of  salaries  not  large  enough 

to  render  them  liable  to  the  income  tax,  as  some 
descriptions  of  clerks,  shopmen,  &c 

d.  Small  shopkeepers  employing  no  one  but  members 

of  their  own  family  and  not  assessed  to  the  income 
tax. 

e.  Tradesmen  and  manufacturers  on  their  own  account, 

supporting  themselves  by  their  own  manual  labour, 
not  employing  apprentices,  journeymen,  &c.,  and 
not  assessed  to  the  income  tax. 
/.  The  children  (not  gaining  their  own  livelihood)  of 
all  such  persons  above  mentioned. 

XXX  VIL  The  payments  claimable  for  each  ^^J^^ 
student  who  has  passed  in  either  stage^  in  each  sub-  theresuufo/ 
ject  are — 21.  for  a  first  class^  and  \l.  for  a  second  the  CUutE^ 
class.   But  no  payments  are  made  on  account  of  a 
student  who  has  been  previously  successful  in  a 
higher  stage  of  the  same  subject. 

If  the  student  has  been  previously  successful  in 
the  same  stage  of  the  same  subject,  the  payment  on  his 
account  is  reduced  by  the  payment  which  was  claimable 
on  such  previous  success. 

For  institnce,  the  21.  payment  for  a  first  class  wauldj  if  the 
student  had  previously  taken  a  second  class  in  the  same 
staycy  be  reduced  by  II. 

Deductions  are  also  made  in  payments  on  account  of  Subject 
I.  to  the  amount  of  any  payments  that  have  been  made 
on  the  Second  Grade  Examinations  in  Art,  in  Practical 
Geometry^  Perspective  or  Mechanical  Drawing. 

XXXVIII.  On  each  student  who  passes  in  the  Paynunts 
First  or  Second  class  in  Honours  41.  and  21.  re^  ouren^^tf 
spectively  are  claimable^  provided  the  student  hm  the  Honman 
already  passed  through  the  elementary  and  advanced 
stages  after  instruction  in  a  Science  Class  in  con- 
nexion with  the  Department 
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XXXIX.  Payments  will  he  made  on  the  results  of 
the  May  1870  examination  on  the  following  scale  in 
the  case  of  pupils  who  have  been  successful  at  the 
examination:  in  May  1869  or  at  any  previous  exami- 
nations in  the  elementary  stage  of  the  same  subject 
{except  as  respects  Mathematics^  for  which  see  nest 
Rule) : — 

o.  For  a  first  class  in  the  elementary  stage — the 
student  having  previously  obtained  a  third 
class — 1/.  10^. 
b.  For  a  first  class — the  pupil  having  premously 
obtained  a  second  class — 1/. 
For  a  second  class^  the  pupil  liaving  previousli/ 
obtained  a  third  class — 10^, 


c. 


XL.  As  respects  Mathematics  {Subjects  IV.  and 
V.)  the  arrangements  with  regard  to  the  previous 
successes  of  students  will  be  understood  from  the  fol- 
lowing table.  The  corresponding  divisions  of  the 
subject  under  the  old  and  new  systems  are  given  in 
the  columns  A.  and  B.  With  a  previous  success, 
therefore^  as  given  in  column  A.^  ho  payment  tdll 
be  made  on  account  of  the  corresponding  success  at 
the  May  1870  examination^  as  given  in  column  B. 

A.  B. 

Elementary  Mateema rwSy  I V.     Purs  Mathematics. 

3rd  Class,  First  Stage  -  -   Stage  1. 

2nd    „         „  -  . 

1st     „         „  -  . 

2nd    „    Second  Stage  - 

1st     „  „  -  • 

Higher  Mathematics,  V. 

dri  Class,  First  Stage 
2nd    „  -  . 


and  2nd  Class  of  Stage  2  * 
do,     and  Stage  2. 
Stages  1  and  2. 
do.      do.    and  2nd  Class 
Stage  3. 


Ist 
2nd 
]st 


Second  Stage 


Stapes  I,  2,  asul  3. 
do.         do.  <md2ndCkisin 

Stage  5. 
do.         do.     and  2nd  Class  t» 
Stage  6. 

Stages  I,  2,  3,  and  6,  and  2iid  Class 
in  Stage  5. 
do.   \,  2, 3,5,^,  oMdMClm 
in  Stage  7. 


*  If  a  student  passes  in  the  First  Class  of  the  Second  Stagey  the 
teacher  will  then  receive  \l.  on  his  amonnti 
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XLI.  The  Rule  which  makes  the  payments  not  Paymeius  m 
cumulaHve  in  the  two  stages  of  a  subject  is  not  f^^'JJ^. 
applied — except  as   regards   Mathematics — in   the  come  Teachers, 
case  of  Students  who,  in  May  1870,  are  bond  fide 
passing foTy  and  intend  at  once  to  become^  Science 
Teachers.    The  payments^  if  they  pass  in  the  First 
or  Second  Class  of  the  Advanced  Stage^  will  be  41. 
and  31.  respectively. 

Teachers  who  propose  to  bring  up  pupils  and  to  claim  under 
this  exemption  must  apply  on  Science  Form  No.  364^., 
not  later  than  the  28M  February^  so  t?uU  their  cases  may 
be  considered.  No  claim  will  be  admitted  unless  this 
rule  has  been  complied  tnth. 

XLII.  The  claim  for  the  payments  must  be  Fonnofcuim 
made  on  Science  Form  No,  51.  The  voucher  must  ^<»^»y«»«^^ 
be  signed  by  the  secretary  or  chairman  and  two  mem- 
bers of  the  Committee  at  least,  at  a  meeting  of  the 
Committee  held  specially  for  the  examination  and 
certification  of  the  claim.  (See  Science  Form  No. 
51,  Appendix  A.,  page  35.)  N.B. — Many  details 
with  regard  to  payments  will  be  understood  from  the 
cases  given  in  this  form. 

XLIII.  A  general  register  must  be  kept  for  the  Begwteps. 
school,  and  an  attendance  register  for  each  class  in 
each  subject,  on  Forms  which  will  be  supplied  on 
application.  {Apply Jbr  Science  Forms  Nos.  139  and 
139a.)  These  registers  muat  be  made  up  from  day 
to  day,  and  will  be  examined  and  approved  by  the 
Inspector  on  his  visit.  They  must  be  sent  to  the 
Department  with  the  claim  for  payment,  and  no  grants 
will  be  made  unless  the  register^  are  properly  kept, 

a.  The  Committee  must  keep  a  General  Register  (Science 

Form  No.  139)  of  all  the  pupils  attending  the  Science 
Classes  under  their  supervision,  in  which  the  name,  age, 
address,  and  occupation  of  each  student  must  be  entered. 
This  register  must  be  fiUed  in  by  the  Secretary  or  a       •  » 
member  of  the  Committee,  and  not  by  the  teacher. 

b.  For  eyery  class  the  teacher  must  keep  a  register  of  attend- 

ance (Science  Form  No.  139a),  in  which  he  will  enter 
the  presence  or  absence  of  the  students  at  each  lesson. 
The  Cemmittee  is  held  responsible  for  the  entries  being 
correct 

c.  A  register  must  also  be  kept  of  the  attendance  of  the 

members  of  the  Conmiittee  at  their  different  meetings. 
{See  page  8  of  Science  Form  No.  139.)  Dig.zedbyGoogle 
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XLIV.  All  payments  to  qualified  teachers  on 
account  of  Science  teaching  are  made  by  the  Science 
and  Art  Department,  and  are  only  made  in  respect 
of  a  school  in  connexion  with  the  Science  and  Art 
Department.  No  such  payments  are  made  in  respect 
of  any  instruction  in  Science  that  may  be  given 
during  the  three  attendances  of  an  Elementary  School 
receiving  aid  from  the  Educational  Department, 
Whitehall. 

These  grants  are  onlj  made  while  the  teacher  is  giving 
instruction  in  a  day  or  evening  school  or  class  for  the  in- 
dustrial classes  (adults  or  boys),  approved  by  the  Science 
and  Art  Department,  and  open  at  any  time  to  the  visit 
and  inspection  of  its  officers.  The  managers  of  an 
Elementary  School  under  the  inspection  of  the  Education 
Department  can  permit  their  premises  to  be  used  for 
Science  teaching,  provided  that  no  interference  be  allowed 
with  the  primary  purposes  of  such  Elementary  School,  or 
in  any  way  with  the  three  attendances  of  the  Elementary 
School. 

XLV.  No  payments  on  the  results  of  instruction 
in  those  branches  of  Science  which  are  taught  in 
Institutions  receiving  State  Grants,  such  as  the 
Queens  Colleges  in  Ireland,  the  Royal  School  of 
Mines,  London,  the  Royal  College  of  Science,  Dub- 
lin, and  the  Royal  Dockyard  Schools,  will  be  made 
on  account  of  the  pupils  who  are  or  have  been 
students  of  those  institutions. 

No  payments  are  made  on  account  of  students 
passing  in  Stage  1  of  Mathematics  who  are^ — 

a.  Stvdents  in  Training  Colleges  receiving  State 

aid. 

b.  Teachers  trained  at  the  public  expense. 

XLVI.  On  the  occasion  of  his  periodical  visit  to 
the  school  or  class,  the  Inspector  will  inquire  and  see 
how  the  instruction  is  being  given,  examining  the 
pupils,  if  necessary,  vivd  voce^  and  report  if  there  is 
sufficient  apparatus  for  the  satisfactory  teaching  of 
experimental  science.  If  the  Inspector's  report  of 
any  school  shows  that  the  instniotion  is  inefficient, 
and  that  from  the  deficiency  of  proper  apparatus,  &c. 
it  cannot  be  otherwise,  the  Scie^Cf^^^^i^d^llPepart. 
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ment  may  refuse  to  make  payments  on  the  results  of 
the  examinations. 

Scholarships  and  ExHmiTioNS. 
XL VII.  In  order  to  assist  persons  belonging  to  Schoianhips 
the  industrial  class  who  may  snow  an  aptitude  for  ^oSf" 
scientific  instruction,  the  Science  and  Art  Depart- 
ment makes  grants  to  aid  local  efforts  in  founding 
scholarships  and  exhibitions.    The  scholarship  is  in- 
tended to  maintain  the  student  while  remaining  at  the 
elementary  school,  and  the  exhibition  to  support  him 
while  pursuing  his  studies  at  some  central  institution 
where  the  instruction  is  of  a  high  grade. 

XLVIII.  There  are  two  forms  of  local  scholarship  i-octi 
in  connection  with  elementary  schools : —  Scholarships 
(1.)  The  Elementary  School  Scholarship; 
(2.)  The  Science  and  Art  Scholarship. 

Bj  elementary  school  is  understood  anj  school  where 
elementary  inBtraction  is  given,  whether  aided  hy  the 
State  or  not. 

XLIX.  Elementary  School   Scholarship. — The  Elementary 
Science  and  Art  Department  will  make  a  grant  of  5/.  s^Swdiips. 
towards  the  maintenance  of  a  deserving  student  to 
the  managers  of  any  elementary  school  who  under- 
take to  support  him  for  one  year  and  subscribe  at 

least  51.  for  that  purpose.  Conditions  of 

Conditions.   obtaming  the 

jDfieDieDHurv 

0.  With  any  numher  of  scholars  np  to  100  on  the  register  of  School 

the  school  there  can  be  but  one  such  Scholarship ;  above  SehdUnhipfl. 
100  and  up  to  200  two  Scholarships,  and  so  on  for 
each  100. 

b.  The  Scholarship  or  Scholarships  must  be  awarded  in  com- 

petition to  the  most  successful  student  or  students  in  some 
examination  of  the  school.  The  absolute  terms  of  the 
competition  and  the  award  of  the  Scholarship  will  be  left 
to  the  managers  of  the  school,  subject  to  the  approval  of 
the  Science  and  Art  Department. 

c.  The  scholar  must  he  a  student  of  the  industrial  class,  as 

defined  above  (see  §  XXXVI.,  p.  13),  and  be  between  12 
and  16  years  of  age. 

d.  must  not  l^e  the  teacher,  pupil-teacher,  or  other  paid 
servant  of  a  schooL 

e.  He  must  continue  regularly  to  attend  the  day  school,  and — 
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Date  of 
application 
and  of  grant. 


Science  and 
Art  Scholar- 
ship. 


ComUHobs  of 
obtaining  the 
Scienee  and 
Art  Scholar, 
ship. 


Date  of  appli- 
cation and  of 
grant. 


/.  Obtain  at  least  a  second  class  in  the  elementary  stage  in 
some  one  or  more  branches  of  Science  at  the  sncceeding 
May  examination  of  the  Science  and  Art  Department, 
after  which  the  Department  grant  of  61.  will  be  paid. 

Application  must  be  made  for  the  Elementary 
School  Scholarships  before  the  1st  March  in  one 
year,  and  the  Department  grant  will  be  paid  after 
the  May  examination  in  the  next  year.  (Apply  for 
Science  Forms  Nos,  280,  281,  282.) 

L.  The  Science  and  Art  Scholarship.  —  The 
Science  and  Art  Department  will  make  a  grant  of 
10/.  towards  the  maintenance  of  a  student  at  ao 
elementary  school  who  has  taken  a  first  grade  in 
Freehand  or  Model  Drawing  and  Elementary  Geo- 
metry {see  Art  Directory,  p.  16),  and  passed  in 
one  of  the  subjects  of  Science,  provided  that  the 
managers  of  the  school  undertake  to  support  him  for 
one  year  and  subscribe  bl.  for  that  purpose. 

The  examination  in  drawing  can,  where  there  is  no  Art  Cer- 
tificated Teacher,  be  held  hj  the  Science  Clasa  Committee, 
to  whom  the  necessary  papers  will  be  sent. 

Conditions. — 

a.  With  any  number  of  scholars  up  to  100  on  the  register  of 

the  school  there  can  be  but  one  such  Scholarship ;  above 
100  and  up  to  200  two  Scholarships,  and  so  on  for  each 
100  scholars. 

b.  The  Scholarship  or  Scholarships  will  be  awarded  to  the  most 

successful  student  or  students  in  the  school. 

c.  The  scholar  must  be  a  student  of  the  industrial  cUss,  as 

defined  above  {see  §  XXXVI.,  p.  13),  of  between  12  and 
16  years  of  age. 

d.  He  must  not  be  the  holder  of  an  Elementary  School  Scholar- 

ship, the  teacher,  pupil-teacher,  or  other  paid  serraat  of  a 
school. 

e.  He  must  continue  regularly  to  attend  the  day  school,  and— 
/.  Obtain  a  higher  class  in  the  subject  of  Science  in  which  he 

has  already  passed,  or  pass  in  some  other  subject. 
g.  In  each  year  of  holding  the  Scholarship  he  must  pass  eidier 
in  a  higher  grade  of  the  same  subject  or  in  a  new  subject. 

Application  for  the  Science  and  Art  Schdar- 
iship  must  be  made  before  the  1st  March  in  one 
year ;  the  successful  competitors  for  the  scholarship 
will  be  decided  at  the  May  ezaminations  of  that 
year,  and  the  Department  grant  of  10/.  will  be  paid 
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after  the  May  examination  in  the  next  year.  {Apply 
for  Science  Forms  Nos.  233,  284,  285.) 

LI.  It  rests  with  the  local  managers  of  the  scho-  Renewal  of 
larships— whether  "  Elementary  School "  or  "  Science  i^oitoWps. 
"  and  Art " — to  determine  for  how  many  years  the 
student  may  hold  the  scholarship,  but  in  no  case 
can  he  be  allowed  to  hold  it  for  more  than  three 
years. 

LIL  For  advanced  scientific  instrartion,  the  De-  Exhibitions, 
partment  offers  exhibitions  to  enable  students  to 
complete  their  education  at  some  college  or  school 
where  scientific  instruction  of  an  advanced  character 
may  be  obtained.  These  exhibitions  are  of  two 
kinds : — 

(I.)  The  Local  Exhibition. 

(2.)  The  Royal  Exhibition. 

LIII.  Local  Exhibitions. — The  Science  and  Art  Jx>caiExM- 
Department  will  make  a  grant  of  25/.  per  annum  . 
to  the  Managers  of  any  school  or  educational  insti- 
tution, or  any  Local  Committee  formed  for  the  pur- 
pose, who  will  raise  the  like  sum  by  voluntary  con- 
tribution for  the  maintenance  of  a  student  at  some 
college  or  school  where  scientific  instruction  of  an 
advanced  character  may  be  obtained.  The  exhi- 
bition may  last  for  one,  two,  or  three  years. 

Conditions. —  Conditions  of 

a.  The  exhibition  must  be  awarded  in  competition  in  one  or 
more  branches  of  Science  at  the  May  examination  of  the 
Science  and  Art  Department.  The  managers  may  select 
any  branch  or  branches  of  Science  for  the  competition,  and 
if  more  than  one  be  taken  they  may  fix  any  rektive  amount 
of  marks  they  consider  best  to  assign  to  them. 
h.  The  place  or  places  where  the  exhibition  is  to  be  tenable 
and  where  the  student  is  to  pursue  his  studies  may  be 
fixed  by  the  managers  subject  to  the  approral  of  the 
Science  and  Art  Department,  provided  that  the  exhibi- 
tioner shall  always  have  the  option  of  goizig  to  one  of  the 
foUowing  institutions: — ^The  Royal  School  of  Mines  or 
Eoyal  College  of  Chemistry,  London,  or  the  Royal  College 
of  Science,  Dublin.  If  either  of  the  Government  insti- 
tutions be  selected,  the  fees  of  the  student  will  be 
remitted* 
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BOYAL  EXHIBmONS. 


Date  of 
application. 


Boyal 

Ezhib; 


ibitioiu. 


Cooipetitioii 
for  and 
conditions  of 
holding  tiiem. 


Fenona  not 
eligible  for 
them. 


Calculation  of 
resoltsintfae 
competition 
fbr  Boyal  Ex- 
'  '*iitiona. 


c.  The  exhibitioner  must  be  a  student  of  the  industrial  claas^  as 

defined  above  (see  §  XXXVI.,  p.  13). 

d.  The  gitint  of  the  Department  will  be  paid  from  year  to  year 

on  condition  that  a  like  payment  has  been  made  by  the 
managers  or  Local  Committee,  and  that  the  student  has 
pursued  his  studies  satisfactorily  according  to  regulations 
fixed  by  the  Department. 
The  Local  Exhibition  must  be  applied  for  before 

the  1st  March.    {Write  for  Science  Forms  Nos. 

286,  287,  288.) 

Thus,  for  example,  a  Local  Exhibition  which  is  to  be  com- 
peted for  in  May  1875  must  be  applied  for  before  the 
1st  March  1875,  and  the  Department  grant  will  be  given 
after  the  May  examinations  in  1876. 

LIV.  Bjoyal  ExhihitionSy  of  the  value  of  50/. 

Ser  annum  tenable  for  three  years,  to  the  Royal 
chool  of  Mines,  London,  and  the  Royal  College  of 
Science,  Dublin,  are  given  in  competition  at  the  May 
examinations. 

There  are  nine  Royal  Exhibitions  to  the  Royal 
School  of  Mines,  Jermyn  Street,  and  nine  to  the 
Royal  College  of  Science,  Dublin.  They  are  of  the 
value  of  50/.  per  annum  each,  and  are  tenable  for 
three  years.  Three  Exhibitions  to  each  Institution 
are  therefore  generally  vacated  each  year.  They 
are  competed  tor  at  the  May  examinations,  and  are 
held  from  year  to  year  for  three  years,  on  the  con- 
dition that  the  holder  attends  the  lectures  regularly 
during  those  years,  and  passes  the  examinations 
required  for  the  associateship  of  the  school.  The 
Exhibitions  entitle  the  holders  to  free  admissions  to 
all  the  lectures,  and  to  the  Chemical  and  Metallur- 
gical Laboratories  at  those  two  institutions. 

All  persons  over  21  years  of  age,  excepting 
artisans,  and  such  as  come  within  the  category  of 
persons  paid  upon  under  §  XXXVI.  p.  13,  will 
be  excluded  from  competing  for  the  Royal  Ex- 
hibitions. Special  cases,  however,  must  be  deter- 
mined according  to  the  spirit  of  the  rules,  and  the 
object  of  the  endowment. 

LV.  The  competitim  for  the  Rcyal  ExhUniUm 
mil  he  determined  as  follows  : — 
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The  maximum  number  of  marks  obtainable  in 
each  suljectj  except  Mathematics^  will  be  in  the 
Elevfientary  stage       -  100 
Advanced  stage -  200 
Honours   -       -       -  400 

In  Mathematics  the  numbers  will  be  in  the 

Ist  stage  100 

2nd  „  200 

3rd   „  300    Honours  500 

4th    „  150 

5th    „  300    Honofirs  500 

6th    „  200 

7th    „  400   Honours  600 

But  in  each  case  the  number  of  marks  gained  in 
the  Elementary  Stage  {or  in  the  1st  stage  in  Mathe- 
matics) will  be  diminished  by  the  minimum  number 
required  to  pass  in  that  stagCj  and  the  number  of 
marks  gained  in  the  other  stages  will  be  diminished 
by  20  per  cent,  of  the  marks  obtainable  in  that 
stage. 

The  remainder  will  then  be  added  together  to 
determine  the  candidate's  position. 

But  no  candidate  will  be  allowed  to  take  an  Ex- 
hibition who  has  not  obtained  at  least  as  many 
marks  as  are  required  for  a  second  class  in  stage  2 
of  Mathematics. 

LVI.  Sir  Joseph  PVhitwortKs  scholarships  of  the  wwtworth 

value  of  100/.  per  annum,  tenable  for  two  or  three  Sc^^^^^p"- 

years,  are  also  given  in  competition  at  the  May 

examinations. 

Full  instractions  as  to  the  subjects,  time,  place,  conditions, 
&c  of  the  competition  for  these  scholarships  are  given  in 
the  WUtwoith  ProspectaSy  which  can  be  had  on 
application  to  the  Secretary,  Science  and  Art  Department. 


BuiLDiNO  Grants. 

LVII.  A  grant  in  aid  of  a  new  building,  or  for  Granta  m  aid 
the  adaptation  of  an  existing  building,  for  a  School  of 
Science  may  be  made  at  a  rate  not  exceeding  2^.  6d.  Schoob. 
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per  square  foot  of  internal  area,  up  to  a  maximum  of 
500/.  for  any  one  school,  provided  that  the  school— 

a.  be  built  under  the  Public  Libraries  Act  ( 13  &  14 
Vict.  c.  65. ;  18  &  19  Vjct.  c.  70. ;  29  &  30  Vict, 
c.  114.),  {see  Summary  of  the  Law  relating  to  the 
establishment  and  maintenance  of  Public  Libraries, 
&c.,  Appendix      p.  41)  ;  or — 

b.  be  built  in  connexion  with  a  School  of  Art  aided 
by  a  Department  building  grant. 

And  provided  that  there  is  a  population  in  the 
neighbourhood  which  requires  a  School  of  Science ; 
that  it  is  likely  to  be  maintained  in  a  state  of  effi- 
ciency ;  and  that  the  site,  plans,  estimates,  specifica- 
tions, title,  and  trust  deeds  are  satisfactory. 

I  The  regulations  under  which  building  grants  to 

j  Schools  of  Science  are  made  will  be  found  in  Ap- 

pendix A.,  p.  43.  {Apply  for  Science  Form  No.  349  ) 

\ 

Apparatus  Grants. 

Grantefor  LVIIL  A  grant  towards  the  purchase  of  appa- 
ratus,  diagrams,  &c.,  of  50  per  cent,  on  the  cost  of 
them,  is  made  to  Science  Schools  and  Glasses  taught 
by  duly  qualified  teachers  under  the  supervision  of 
Committees  constituted  in  accordance  with  the 
§  X.,  p.  4,  and  approved  by  the  Department. 

If  at  any  time  it  is  found  that  the  apparatus,  ex- 
amples, &c.,  towards  the  purchase  of  which  a  grant 
has  been  made  are  not  properly  taken  care  of,  the 
aid  of  the  Department  may  be  withdrawn. 

Grants  on  the  same  scale  will  also  be  made  to  schools  or 
classes  not  under  qualified  teachers  in  cases  where  the 
total  value  of  the  apparatus  required  is  not  above  10/. 

LIX.  As  a  general  rule  no  endowed  school  is 
eligible  to  receive  a  grant  towards  the  purchase  of 
apparatus,  &c.,  unless  considerable  local  contributions 
are  made  in  aid  of  it ;  and  then  only  when  the  appa- 
ratus is  clearly  necessary. 

Catalogues  of  LX.  Catalogues  containing  priced  lists  of  appa- 
apDaratos.      ratus,  instruments,  diagrams,  books^  &c.  fkom  various 
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manufacturers  have  been  prepared  in  the  following 
sciences  and  can  be  had  on  application  : — 

(1.)  Practical  Geometry,  Machine  and  Building  Construction, 

and  Mechanics. 
(2.)  Experimental  Physics. 
(3.)  Chemistry. 

(4.)  Geology  and  Mineralogy,  Natural  History,  (Physiology, 
Zoology,  and  Botany),  and  Physical  Geography. 

These  catalogues  contain  the  highest  price  of  each 

article  on  which  the  aid  of  50  per  cent,  is  given.  The 

applicant  is  at  liberty  to  select  a  higher  priced  article, 

but  the  aid  towards  the  purchase  of  it  will  be  only 

50  per  cent,  of  the  highest  price  above  mentioned. 

Should  a  lower  priced  article  be  selected  the  aid  will 

only  be  to  the  extent  of  50  per  cent,  of  its  price. 

Schools  are  also  permitted  to  select  a  single  copy  of  each 
of  the  text  books  given  in  the  Syllabus,  towards  the  pur- 
chase of  which  similar  aid  will  be  granted. 

LXI.  Committees  requiring  aid  in  the  purchase  Method  of 
of  apparatus,  &c.  should  apply  for  Science  Form 
No.  49,  and  also  for  the  catalogues  referred  to  in  the 
previous  rule. 

The  Committee  of  the  School  or  class  may  select 
any  of  the  manufacturers  whose  names  are  given  in 
the  catalogues. 

Orders  from  different  tradesmen  must  be  made  on  separate 
forms. 

In  filling  up  the  Form  No.  49,  the  number  of  the  apparatus 
given  in  the  catalogue  must  always  be  mentioned. 

LXII.  Payments,  including  charge  for  packing,  Payments  to 
must  be  made  in  advance  to  the  manufacturers  on  "^«^«t«^*«^r8. 
receipt  of  the  invoice.  The  goods  to  be  sent  at  the 
risk  of  the  purchaser.  On  obtaining  a  receipt  from 
the  Committee  of  the  School  (which  is  included  in 
the  form  of  Requisition)  that  the  articles  have  been 
received,  the  remaining  50  per  cent,  will  be  paid  to 
the  manufacturer  by  the  Department. 

LXIII.  Apparatus  grants  are  rigorously  confined  Limitation  of 
to  articles  of  a  non-destructible  nature ;  hence  no  aid 
will  be  afforded  in  the  purchase  of  breakable  articles, 
snch  as  glass  retorts,  tests  tubes,  &c.9  nor,  indeed 
generally,  in  the  purchase  of  articles  to  be  used  by 
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the  student,  as  distinguished  from  those  of  a  per- 
manent and  illustrative  character  which  are  required 
by  the  Teacher  in  giving  instruction  in  Science. 

Grants  are  only  made  in  the  purchase  of  one  object  of  the 
same  kind.  Duplicates  of  apparatus,  &c.  are  not  allowed 
at  the  reduced  rate. 


SUPPLEMENTAEY  GrANTS  IN  CERTAIN  SUBJECTS,  AND 

Special  Aid  to  Teachers  and  Students, 

Na^tion  LXIV.  In  addition  to  the  ordinary  science  exami- 
^  '  nations  in  May,  class  examinations  are  held  in 
Mathematics,  Navigation,  Nautical  Astronomy, 
Steam,  and  Physical  Geography  for  the  benefit  of 
seafaring  men — and  for  them  only — ^three  times  a 
year  in  all  seaports  where  Local  Committees  are 
formed  and  are  willing  to  undertake  them.  These 
examinations  take  place  in  the  beginning  of  March, 
September,  and  December.  The  application  for 
these  examinations  must  be  made  on  Science  Form 
No.  119  before  the  10th  day  of  the  previous  month. 

After  May  1870  these  ej;aminations  will  only  he 
allowed  when  there  are  at  least  40  candidates  for 
examination^  and  in  such  sttbjects  and  stages  only  as 
there  are  40  candidates. 

The  payments  to  properly  qualified  teachers  {see  §  XXXII, 
p.  1 1 )  on  the  results  of  the  quarterly  examinations  for 
seamen,  will  he  according  to  the  same  scale  as  that  laid 
down  for  the  ordinary  May  examinations  {see  §  XXXVIL, 
p.  13),  and  the  regulations  with  regard  to  Ck>mmittees 
{see  §§  X.  to  XVI.,  pp.  4  to  6),  registers  {see^  XLIII., 
p.  15),  and  number  of  lessons  {see  §  XXXV.,  p.  12), 
must  also  be  carried  out  in  the  case  of  Navigatioa 
Schools. 

£*Sub^^  LXV.  In  order  to  encourage  the  artistic  abilitj^ 
II.  and  iiL  which  may  be  shown  in  drawings  of  buildings  and 
machines  executed  by  students  in  Science  classes,  as 
exercises  in  Subjects  II.  and  III.  {see  List  of  Science 
Subjects,  p.  3),  additional  grants  are  made  on  the 
same  scale  as  those  for  works  executed  in  Art  schools 
or  classes. 

a.  The  Local  Committee  or  the  Teacher  of  a 
Science  school  or  class  satisfying  the  condi- 
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tions  stated  in  the  next  rule  is  entitled  to 
receive  a  payment  not  exceeding  15«.  for  any 
cue  student,  on  account  of  every  artisan  stu- 
dent who  shall  submit  satisfactory  works  exe- 
cuted in  the  school  or  class  during  the  then 
current  school  year. 
(1.)  In  Mechanical  and  Machine  drawing; 
and, 

(2.)  In  drawing  details  of  Architecture 
from  copies. 

(Art  Directory,  p.  24,  §  3ft,  and  p.  86,  Stage  23a.) 

b.  The  Local  Committee  or  the  Teacher  of  a 

Science  school  or  class  is  entitled  to  receive 
a  payment  not  exceeding  20^.  for  any  one 
student,  on  account  of  every  artisan  student 
who  shall  submit  satisfactory  works,  executed 
in  the  school  or  class  during  the  then  current 
school  year,  in  drawing  or  designing  for 
Architecture. 
{See  Art  Directory,  p.  25,  §  3c,  and  p.  36, 
Stage  236.) 

c.  Architectural  Drawings  of  the  class  referred  to 

in  the  preceding  paragraph  (§6),  executed 
by  students  in  Science  schools  or  classes  are 
admissible  to  the  advantages  of  the  National 
Art  Competition.    (  See  Art  Director}-,  p.  29, 


The  works  of  students  of  classes  in  Subjects  11.  and  ni. 
are  not  excluded  frem  tbe  advantages  of  this  rule,  even 
if  such  students  should  be  teachers  in  other  Science 
subjects. 

LXVI.  Local  Committees,  Teachers,  and  Stu-  Condition  of 
dents  of  Science  schools  may  avail  themselves  of  the  ^JJX"**** 
aid  offered  under  the  provisions  of  the  above  rule,  if 
tbe  Teacher  be  duly  qualified  in  accordance  with 
§  XXXII.  (see  p.  11),  to  earn  payments  on  the 


have  passed  the  second  grade  examination  in  Free- 
hand Drawing  {see  Art  Directory,  p.  16). 

This  last  condition  will  not  be  imposed  on  those 
Teachers  who,  being  qualified  in  Suojects  II.  and 


§11.) 


results  of  examination  in  Subjects 


S4995. 


c 
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III.  before  the  year  1869,  tave  passed  not  less  than 
one  hundred  pupils  in  either  subject,  or  fifty  in  both 
subjects. 

Full  particalare  of  the  aid  given  to  Art  Bchools  and  classed 
will  be  found  in  the  Art  Directory,  which  can  be  had  on 
application  to  the  Secretary^  Science  and  Art  Department 

^^^^sMons  LXVII.  Free  admissions  to  the  lectures  at  the 
Mines  a^d*Coi-  Royal  School  of  Miucs,  Jcrmyn  Street,  or  the  Royal 
lege  of  Science.  College  of  Scicncc,  Dublin/ are  granted  to  any  per- 
son who  takes  a  gold  medal  in  the  May  examination. 
Admission  to  LXVIIL  Candidates  who  have  obtained  a  first  or 
«md  Art^^Librar  sccond  class  in  the  advanced  stage  mav  obtain  tickets 
ries.  of  admission  to  the  Educational  and  Art  Libraries  at 

the  South  Kensington  Museum  on  application,  bj 
letter,  addressed  to  the  Secretary  of  the  Science  and 
Art  Department. 

Visits  of  LXIX.  Science  teachers  who  have  taught  two 

S^on.*^  years  consecutively  and  passed  not  less  than  30 
students  each  year,  are  allowed  2nd^cla8s  railway  fare 
and  3/.  towards  their  expenses  while  living  in  London 
— on  condition  that  they  remain  there  nve  days  at 
least — for  the  purpose  of  visiting  the  South  Kensing- 
ton Museum  and  other  Metropolitan  institutions,  in 
order  that  they  may  acquire  for  the  benefit  of  their 
students  a  knowledge  of  the  latest  progress  in  those 
educational  subjects  which  affect  the  schools. 

Special  arrangements  with  regard  to  these  visits  may  be 
made  from  year  to  year. 

Before  he  proposes  to  take  advantage  of  the  grant  the 
teacher  must  make  application  to  the  Secretary,  Science 
and  Art  Department :  he  must  also  keep  a  diary  {appln 
for  Science  Form  No.  302)  during  his  stay  in  London, 
giving  the  names  of  the  institutions  he  has  visited^  with 
brief  observations  on  them. 


Note. — All  the  forms  alluded  to  in  this  Directory, 
as  well  as  the  Scie7ice  Directory  and  the  Art  Direc- 
tory (price  6rf.  each),  can  be  had  on  application  to 
the  Secretary,  Science  and  Art  Department,  South 
Kensington,  London,  W. 

Letters  addressed  thics  need  not  be  prepaid  in  the 
post. 
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APPENDIX  A. 


FoBHS  and  iNSiBUcnoMS  for  Guidance  in  establisbiog  and 
maintaining  Science  Schools  and  Classes. 


c  2 
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SCIENCE  FORM,  No.  170. 


MEMORAIDA  FOR  THE  USE  0F  SECRETARIES  AHD  NIENIBERS  OF  SCIEHCE 

G0NIMITTEE8. 


Dates. 
Constantly  -  - 

When  required 
Ist  November 


Before  2%th  Feb.  - 
Before  ^\st  March 

Before  24th  April  • 
On  the  27th  April 


Dwring  the  May 
egaminaiions. 


To  ^dsit  the  School  and  see  that  the  Registers  are 
kept  from  day  to  day,  and  that  the  regulations 
of  the  Department  are  duly  carried  out. 

To  summon  a  meeting  of  the  Committee  on  the 
occasion  of  the  visit  of  the  Inspector. 

The  Report,  Science  Form  N6.  120,  informing  the 
Department  of  the  existence  of  a  school  must 
be  carefully  filled  in  and  sent  immediately  on  its 
opening,  or  if  it  be  an  old  school,  on  its  re- 
assembling after  the  vacation.  This  must  be 
accompanied  or  closely  followed  by  Form  No,  88, 
forming  the  Committee,  or  No.  168,  continuing 
a  Committee. 

Noter-Xf  the  Committee  any  School  or  Clat$  lUu  nti 
been  at  least  provieionally  approved  by  the  Department  Wore 
the  let  {^Feoruary  in  any  year,  no  payments  will  be  made  on 
the  retUte  of  the  examination  qf  that  Schcoi  or  Close  in  the 
ensuing  May,  * 

To  send  Fonn  No.  329,  stating  in  what  subjects 
examination  will  be  required. 

To  send  Form  No.  119^  giving  the  precise  number 
of  candidates  in  each  subject  at  the  examination 
in  May. 

Note.-~No  examination  teiU  be  held  where  these  fortss  hate 
not  been  sent  in  by  the  dates  named. 

To  see  that  Form  No.  91  is  hung  up  in  the  Sdiool- 
room. 

If  a  parcel  containing  (1)  the  papers  for  the  candi- 
dates to  work  upon,  (2)  copies  of  Form  No.  91, 
one  for  each  day's  examination,  and  (3)  envelopes 
in  which  to  return  the  worked  papers,  should  not 
have  been  received,  or  if  there  should  be  any 
mistake  in  the  numbers  sent  for  each  subject  as 
applied  for,  or  in  the  covering  letter,  to  communi- 
cate at  once  to  the  Department. 

The  examination  papers  for  each  evening  will  leave 
London  by  the  night  mail  two  evenings  before, 
%.e,y  Thursday  evening  papers  will  leave  on  Tues- 
day evening,  Friday's  on  Wednesday  evening, 
etc.  Should  they  not  arrive  accordingly,  a  tele- 
gram to  be  sent  at  once  to  the  Department. 
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On  ike  evening  of   The  candidates,  being  all  seated  at  6.50,  to  read 
ezamnation.  out  the  rales  on  Fonn  No.  91,  then  give  out  the 

papers  to  be  worked  on.  Then  at  6.55  to  break 
the  seal  of  the  examination  papers  and  distribute 
to  the  candidates.  To  adhere  rigidly  to  tht  rules 
on  Forni  No.  91.  To  sign  Form  No.  91.  To 
seal  up  the  papers  in  one  of  the  envelopes  pro* 
vided  and  at  once  post  them. 

Afier  the  May  ex*    On  receiving  printed  lists  of  the  results,  to  give 
amMaiions.  one  copy  to  each  candidate  whose  name  appears 

in  it  as  being  successful;  to  inform  the  others 
thatthej  have  fiuled. 
To  return,  as  soon  as  possible.  Form  No.  161, 
filled  up  in  strict  accordance  with  the  rules  on 
Form  No.  1 10.  (Prize  list).  To  call  a  meeting  of 
the  Committee  to  examine  and  certify  the 
Teacher's  claims  for  pavment.  Form  No.  51,  and 
the  School  and  Class  Registers,  which  must  be 
sent  up  at  the  same  time.  To  return  Form  No. 
106. 

To  keep  a  record,  and  inform  the  Department,  of 
the  number  of  individuals  exaraineo. 


SCIENCE  AKD  ART  FORM,  No.  88. 


LiiAL  Biiminas  for  •ihiils  aib  sutm  receiviri  aid 

TRRDNR  TNB  •IIBRRE  ARD  ART  DIPARTRIERT. 

1.  A  Local  Conunittee  of  not  less  than  five  well-known  responsible 
persons  must  be  fonned  in  connexion  with  every  school  or  class,  in  order 
to  comply  with  the  necessary  requirements  of  the  Science  and  Art  De- 
partment and  to  cany  out  various  arrangements  on  its  behalf  necessary 
for  testing  the  efficiency  of  the  instraction,  on  the  proof  of  which  alone 
the  aid  of  the  Department  will  be  given. 

2.  The  gentlemen  who  intend  to  act  on  this  Committee  must  sign  the 
form  on  the  next  page,  stating  their  willingness  to  carry  out  the 
neoessaiy  arrangements  for  examinations,  and  to  observe  all  the  regula- 
tions of  the  Department ;  each  member  after  signing  must  also  give  his 
address  and  occupation.  Care  must  be  taken  that  the  members  who 
sign  the  form  are  properlv  acquainted  with  the  duties  they  propose  to 
discharge ;  a  summary  of  these  duties  is  given  below  (see  §  5),  and  thev 
are  laid  down  at  greater  length  in  the  Science  and  Art  Directories,  which 
can  be  obtained  on  application  to  the  Secretary  of  the  Department. 

3.  When  a  school  or  class  is  first  formed,  the  form  on  the  next  nage 
must  be  signed  at  a  general  meeting  of  the  Committee.  If  the  same  Com- 
mittee continue  to  it  will  onlv  be  necessary  to  fill  up  Form  No.  168, 
whicli  expresses  the  wUlingness  of  the  members  to  undertake  their  duties 
for  another  year :  but  no  one  can  be  a  member  of  a  Committee,  nor 
assist  in  the  conduct  of  an  examination,  who  has  not  signed  the  form  on 
the  next  page. 

4.  The  relation  of  the  teacher  to  the  Committee  of  a  school  or  cUiss 
will  vary  much,  according  to  the  varying  dicnmstances  of  different 
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localities.  With  this  and  other  local  amngements  the  Science  and  Art 
Department  does  not  interfere,  but  leaves  them  to  the  locality  to  settle. 

5.  The  Science  and  Art  Department  requires  that  the  Local  Committee 
shaU— 

a..  Be  responsible  for  the  safe  custody  of  all  apparatus  towards  the 
purchase  of  which  the  Department  has  granted  aid. 

h.  Provide  a  room  or  rooms  of  sufficient  sise  to  carry  out  the  annual 
examination  according  to  the  detailed  regulations  under  that 
head.  Tliis  examination  is  of  aU  persons  who  wish  to  present 
themselves,  and  not  only  of  those  attending  the  school  or  class ; 
but  those  persons  who  do  not  belong  to  the  school  or  class  most 
send  in  their  names  at  tiie  appointed  time,  and  may  be  required 
to  pay  a  registration  fee  of  29.  6c(.  for  the  whole  examinalion. 

c.  See  that  school  re^sters,  showing  the  occupations  of  the 
various  students,  then*  attendance,  number  of  lessons,  payments  of 
fees,  &c.,  on  approved  forms,  be  kept  properly  filled  up,  and  sent 
to  the  Science  and  Art  Department  when  required. 

d.  Send,  when  required,  to  the  Secretary  of  the  Science  and  Art 
Department  the  list  of  students  to  be  examined,  specifying  the 
subjects  in  which  they  are  to  be  examined.  Be  responsible  for 
conducting  and  superintending  the  examinations  in  accordance 
with  the  rules  of  the  Department ;  giving  out  the  examination 
papers  which  will  be  sent  for  that  purpose :  seeing  them  iairiy 
worked  and  certifying  to  the  same,  not  less  than  three  of  the 
Conunittee  being  always  present :  and  sending  the  worked  papers, 
under  seal,  by  the  day's  post  to  the  Secretaj^  of  the  Science  and 
Ajrt  Department. 

e.  When  required,  transmit  to  South  Kensington  works  for  exami- 
nation executed  in  the  school  during  the  previous  year,  and  make 
an  annual  report  of  the  proceedings  of  the  sdiool  or  class. 

/.  Certify  that  those  students  on  whose  examination  claims  to 
parents  on  results  are  based,  are  artisans  or  operatives,  or  can 
clum  as  such;  and  that  the  payments  claimed  are  due  according 
to  the  regulations. 

g.  Certify  that  those  students,  on  account  of  whose  instruction  in 
Science  payments  are  claimed,  have  received  25  lessons  at  least 
from  the  teacher  in  the  year,  or  since  the  last  examination,  on 
their  passing  at  which  payment  was  claimed  on  their  account 

6.  The  school  or  class  must  be  at  all  times  open  to  the  visit  and  in- 
spection of  the  officers  of  the  Science  and  Art  DefMsrtment  as  a  condition 
for  the  grant  of  aid  from  it ;  if  at  any  time  it  is  found  that  the  apparatuB, 
examples,  &c.,  towards  the  purchase  of  which  a  grant  has  been  made  are 
not  properly  taken  care  of,  or  that  a  proper  room  with  firing,  lij|[hting,  &e., 
is  not  provided  for  the  class,  the  aid  of  the  Department  will  be  with- 
drawn. 

7.  Hie  school  or  class  will  be  inspected  periodically  by  an  officer  of 
the  Science  and  Art  Department,  who  will  report  whether  the  regulations 
be  strictly  carried  out.  At  his  visits,  of  which  due  notice  will  be  given, 
a  meeting  of  the  Committee  must  be  held  to  receive  him,  at  which  as 
many  of  the  members  as  possible  are  expected  to  attend. 
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Fosxof  Afplioation  to  act  as  a  CoMinrrfiG  for  a  School  or  Class  receiving 
Aid  through  the  Science  and  Aet  Department. 

TkiiFom  19  to  he  fiHtd  in^  tigned  at  a  general  meetimg  of  ^  Committee, 
nd  relmned  to  the  Departme^it  immediately  on  the  formation  of  a  gehoU  or 

If  At  Committee  of  any  achoct  or  elana  has  not  been  at  loaet  provisionally 
mrtmedhy^  Department  before  the  let  February  in  any  year,  no  weenie 
wmhe  made  &m  the  rendu  of  the  examination  in  the  ensming  May  of  that  school 


Vfhen  a  Ommitiee  continues  to  act  for  another  year  Jhr  a  school  or  class, 
Fern  No,  168  ohould  be  transmitted  insUadofthis  finm. 

We,  the  andenigned, 

[ft.  The  Oommittee  most  eonsUt  of  a  Chairman,  Secretaiy ,  and  at  loast  three  other 
XemoeiB,  and  must  he  composed  entirely  of  well-known  responsible  persons 
of  independent  position,  who  have  no  such  personal  interest  in  the  school  or 
dass  aa  can  hijr  them  open  to  the  slightest  suspicion  of  partiality.  Relations 
aad|Kipi]a  of  Uie  teacher  persons  under  ixtstruction  in  any  school  or  class 
reoeiTin^  aid  ttom  the  Bcienoe  and  Art  Department,  and  teachers  of  any 
description  having  pupils  who  are  candidates  for  the  examinations  of  the 
Depaitmsni,  are  not  eligible  as  members  of  the  Committee. 

Non.— A  gentleman  whose  son  attends  any  examination  of  the  Science 
and  Art  Department  is  thereby  disqiialifled  from  superintending  any  of  the 
eiaminations  that  year,  though  he  may  act  on  the  Committee  in  other 
rapecta. 

«.  It  is  veij  desinkble  that  as  maiur  persons  as  possible  in  reooniised  positions  of 
public  xesponsibility  in  the  district,  such  as  Magistrates.  Btunicipal  Autho- 
rities (Mayor.  Aldermen,  or  Town  Councillors),  Beads  of  Educational  Esta- 
bliahmenta  (Trustees  of  Grammar  Schools,  Managers  of  National  Schools), 
Clei)Kymen,  Ac,  should  be  on  the  Committee.  It  is  absolutely  necosssiy  that 
at  least  two  such  responsible  persons  should  agree  to  act. 

k.  The  Chairman  must  be  a  Magistrate,  Mayor,  Boroughrceve.  Provost,  or  Alder- 
man, or  other  public  officer  of  recognised  position.  Trustee  of  Grammar 
School,  or  Clergyman  of  the  Established  Church  in  parochial  employment. 
Ue  will  have  to  certify  that  the  constitution  of  the  Oommittee  is  in  aooord- 
anee  with  the  above  requirements. 
The  Secrataiy  of  the  Committee  of  the  School  or  (Hass.  as  being  the  medium 
of  eommnmcation,  will  carry  on  all  correspondence  with  the  Science  and  Art 
Department,  and  is  held  responsible  for  making  out  and  sending  all  returns 
rsqjuired,  for  the  receipt  and  distribution  of  the  examination  papers,  the 
transmission  of  the  wonted  pi4>eTB,  Ac.,  at  the  proper  times  according  to  the 
regulations.] 

pmpose  to  act  as  the  Local  Committee  for  the 

C Selene*  School,  Sclcncs  CUi«,  Scheon 
of  Art,  or  An  Ntcht  Clu*.  J 

rNonMorSticct-l 

 L    orPtoee.  J 


CN«m«of  City,  Ttown,! 
or  Vniace.  J 


and  taught  by_ 


[Olvo  tho  BttMo  of  ain 
thotaMhtn.  1 
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We  undertake  for  the  year  ending  81st  August  18  at  least,  and  forther  till 
another  Committee  satisfkctoiy  to  the  Science  and  Art  Department  has 
been  appointed, 

1.  To  be  responsible  for  the  safe  enstody  of  all  the  Apparatos,  Dia- 
grams, Examples,  Casts,  &c.,  towards  the  purchase  of  which  the 
Department  has  in  any  way  contributed. 

2.  That  three  or  more  of  our  number  will  be  ready  at  the  appointed  time 
to  be  present  at,  and  si^rintend,  the  examinationa  of  ihe  School  or 
Class  according  to  the  instructions  of  the  Science  and  Art  Depart- 
ment, and  give  the  teachers  the  necessary  Touchers. 

3.  That  a  room  or  rooms  shall  be  provided  for  the  due  canjring  out  of 
such  examination,  according  to  the  rules  of  the  Department,  providing 
sufficient  space  for  the  examination,  not  only  of  all  persons  tanght  in 
the  School  or  Class,  but  of  all  others  who  may  wish  to  attend  the 
examination. 

4.  When  required  to  transmit  to  South  Kensington  works  for  exami- 
nation, and  to  make  an  annual  report  of  the  ^hool  or  C3ass  ;  and  to 
comply  with  the  regulations  of  the  Science  and  Art  Department. 

(A  fee  of  not  more  than  U.  M,  m»j  be  ohamd  on  each  appheant  for 
examination  who  is  not  a  student  in  the  class,  to  reunbnrse  the  Committee  tat 
any  extra  expenses  they  may  be  put  to  in  providing  a  room. ) 

5.  That  the  School  or  Class  shall  be  open  at  any  time  to  the  visit  and 
inspection  of  the  Officers  of  the  Science  and  Art  Department 


SlOVATimB. 

AnnBsas. 

Occupation.  spedaUy  stating 
how  ftdfiUing  the  oonditloot 
[of  rules  "h"  and  "  <  "  abo?  e. 

NoTB.~On  tht  JbrmaUom  a 
Committer  Mm  /brm  rtwrfrf  to 
•'.tigned  at  m  general  meeting. 

1 
1 

Chairman. 

i 
1 

1 

1  • 

1 

Seoretary, 

i 

I  certify  that  this  Committee  complies  with  the  requirements  of  the  roles 
A,  I,  and  k. 


Chairman. 

The  Secretary, 

Science  and  Art  Department^ 

South  Kensington,  London,  TT. 
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SCIENCE  AND  ART  FORM,  No.  168. 

FIRM  IF  APPllfiATIOt  Tl  REIEW  A  HMIIimE. 

To  be  sent  in  be/ore  the  30/A  November, 

Sis, 

Wb  haye  the  hononr  to  inform  you  that  a  meetiiig  of  th^  Committee  of 

the  rSelWM  School,  Betoneo  aasa,  Scbooll 
 '  •  L       oCAft,orArt  NlihiClMS.  J 

estabbked  at  the  [""SSLSK*^] 

at  rNamo  of  Town"] 
 L  orVlltafe.  J 

held  at  the  [g- 

oa  the  ,  at  which  the  following  members  were 


and  we  were  authorised  by  them  and  the  following  members, 


who  could  not  attend,  to  inform  yon  that  they  are  prepared  to  eontinne  to  act 

as  the  Committee  of  the  ["clSL^J 

for  the  year  ending  31st  August  18  • 

We  hare  also  to  inform  yon  that  additional  members  who  have  joined  the 
Committee  haye  signed  the  enclosed  Form  No.  88.    [nii  pmnpii  to  b»  tnMd  tr 

The  School  will  be  tanght  by  the  following  teachers  during  the  session : — 


We  have  the  honour  to  be,  Sib, 

Tour  obedient  Servants, 

  Chairman, 

 Secretary. 

To  ffte  Secreiary, 

Science  and  Art  DtpartmaU^ 

South  Kenemgtm^  London,  W, 
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SCIENCE  TOTOi^  No.  120. 

SeiEROE  CLASSES  OROH  TEACHERS  tOALIFIED  TO  EARR  PATMERTS. 

AimuAL  Report  of  Sciengb  School  or  Class, 

To  be  made  on  its  establishment,  and  annually  immediatelj  on  reoommeneoig 
after  the  snmmer  yacation. 

In  all  eases  Auform  wuut  be  teiU  in  before  tke  let  November, 

Name  of  Town  .  

Place,  as  Mechanics'  Institution,  &c.,  1  

in  which  the  Classes  are  held     j  ' 

Name  of  Street^  No.,  &c.  


Teachers'  names. 

Thdr  private  addresses. 

Total  No.  of  individual  Sfodeats   

(If  a  student  attends  two  OT  more  classes  he  must  only  be  counted  as  one  student) 


Classes  iir 
(state  sul^eot). 

Pees. 

No.  of 
Students. 

Days  on  which 
they  meet. 

Hours  of 
Heeting. 

Period  of  the  Tesr 

duriogwhioh 
the  Classes  eootiime. 

Secretary, 

Address  of  Secretary. 
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SCIENCE  FORM,  No.  51. 


ApplloatloB  for  Payment  ttom  [iSSSiJ!] 

ftotoiiee  Teaober  In  ^hj«.  jfjj^ 

 L  orTlllaf*.  J 


On  bduLlf  of  the  Committee  of  Management  of  this  School,  We  do  hereby 
ccitify  that : — 


(I.)  Mr._ 


_has  doly  performed  the  rarioiu  datiat 


derolTing  upon  him  as  a  Science  Teacher  in  the  School,  during  the 

 ending  day  of  18 

(2.)  He  has  giyen  the  following  students  at  least  25  lessons  during  the 
year,  or  since  the  last  examination  at  which  payment  was  claimed  on 
their  account,  in  each  subject  for  which  payment  is  claimed. 
(3.)  The  under-mentioned  students  belong  to  the  industrial  classes,  as 
eoosing  within  one  of  the  following  categories,  or  are  the  children  (not 
earning  their  own  HTeUhood)  of  such  :-* 

o.  Artiauis  or  operstiTes  in  the  receipt  of  weekly  wages, 
ft.  CoMt^aards,  policemen,  and  others  who^  though  in  the  receipt  of  weekly 
wages,  do  not  support  themselves  by  manual  labour. 

c.  Tenons  in  the  receipt  of  aalaries  not  huge  enough  to  render  them  liable  to 

the  income  tax,  as  some  descriptions  of  clerks,  shopmen,  Ac. 

d.  Small  shopkeepers  employing  no  one  but  members  of  their  own  ftunily,  and 

not  assessed  to  the  income  tax. 

e.  Tradesmen  and  manufacturers  on  their  own  account,  supporting  themselyes 

by  their  own  manual  labour,  not  employing  apprentices,  Journeymen,  fto., 
and  not  assessed  to  the  income  tax. 

Examined  and  certified  at  a  meeting  of  the  Committee  held  for  that  pur- 
pose at  [SSuJ3  on  the  day  of  18  . 

 Chairman  or  Secretary. 


}Two  1 
bersof 
Committee, 


I  hereby  certify  that  the  following  particulars  are  correct 


.Teacker. 


rstato  bow  «iMiis«d^ 

_L  to  tan  pBjoMiiL  J 


Names  ot  Fasbed  Stuoektb. 

N.B.-TW  Maa  of  th«  atadcata  not*  bo  amagvd  alplMteUconr. 

»  proper  dodnctkms. 


Soniame. 

Christian 
Name  in 
fbll. 

Trade,  or 
Father's 
Trade. 

WhcalkthM^ 
trado  b  irfrea 
pate/.)  After  It. 

Steti 

vndcjr 
whiebof 
the  Goto- 

made. 

Position  at  the  late 
Examination* 

HllbMt 

Position  in 

ment 
claimed. 

SabJicL 
IM  Jle- 
mtr^ 

Stase. 

ClaM. 
InJrmbic 

MBoSob- 

Jeetia  any 
preTiooi 
laumi- 
notion. 
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[SPECIMSN.J 

SCIENCE  FORM,  No.  51. 


Application  ftor  Payment  flrom        William  Brown,  {^iHlS^^ 
Boienoe  Teaolier  in  the  Mechanics'  Institute, 

at  Worksop  mfi^rl 


On  behalf  of  the  Committee  of  Management  of  this  School,  We  do  here\>y 
eerti^that:— 

(1.)  Mr.  William  Brown  has  duly  performed  the  various  duties  devoMng 
upon  him  as  a  Science  Teacher  in  the  School,  during  the  year  ending 
30th  day  of  June  1870; 

(2.)  he  has  given  the  following  students  at  least  25  lessons  during  the 
year,  or  since  the  last  examination  at  which  payment  was  claimed  on 
their  account,  in  each  subject  for  which  payment  is  daimed  ; 

f3.)  the  under-mentioned  students  belong  to  the  industrial  classes,  as  coining 
within  one  of  the  following  categories,  or  are  the  children  (not  earning 
their  own  livelihood)  of  such  : 

a.  Artisans  or  operatives  in  the  receipt  of  weekly  wages. 

b.  CoMtRuar^s,  policemen,  and  others,  who  thoorh  in  the  reodpt  of  weekly 

wages,  do  not  support  themselves  bv  manual  laboar. 

c.  Persons  in  the  receipt  of  salaries  not  large  enough  to  render  them  liaUe  to 

the  income  tax,  as  some  descriptions  of  clerks,  shopmen,  Ac. 

d.  Small  shopkeepers  employing  no  one  but  members  of  their  own  fkmi]y«  and 

not  assessed  to  the  income  tu. 
0.  Tradesmen  and  manufacturers  on  their  own  account,  supporting  themaelTes 
by  their  own  inanual  labour,  not  employing  apprentices.  Journeymen,  Ac, 
and  not  assessed  to  the  income  tax. 

Examined  and  certified  at  a  meeting  of  the  Committee  held  for  that  purpose  at 
the  Mechanics  Institute,  WorkSop  [^Stajf]  ®^  •^"'y  ^®7^- 

John  Richards,  Chairman  oF  SoorotOiy* 

Alfred  Dickson  j'^^^^il^^' 
WaHer  Harrison  |co^^^ 

I  hereby  certify  that  the  following  particulars  are  correct 

William  Brown,  Teacher. 

Snd  Class  Certificate  in  /.,  //.,  ///.  ;  ist  Class  in  X.  and  rstatoi»wf.MiiwT 
X/.,  mVi  9nd  Class  in  VIIL  and  IX.,  ;  ^nd  Class  L  to^jA^  J 
fTofiotirs  in  IV,,  iSb9^ 

Names  op  Fabsbd  Studkmts. 


N.B.— Th«  Bunw  of  th«  itudcsti  niwt  be  amuaged  ali^betlemn^.  After  Mch  ttadcDf^  naoM  rnnfl  1i« 
plaeed.  «Mh  In  a  leptfmte  line,  his  Mrml  taeeenes  (If  to  bMBiore  than  one) ;  and  lath«laiCcol«ma 
dM  amount  claimed  on  each  laeccM,  after  making  the  proper  deductions. 


Surname. 

Christian 
Name 
infUU. 

Age  last 
Birthday. 

Trade  or 
Father's 
Trade. 

WheBlhlhei** 
trade  iiflTem 
put  (/)  after  It. 

State 
nnder 

the  Gate- 
made. 

Position  at  the  late 
Sxamination. 

Highest 
PoeitUmta 
same  Sab. 
JeellnaaT 

prevtooa 

Ssami. 

Backm. 

merit 
daimed. 

/AAe. 
man  ATm- 
memU. 

stage. 

Claw. 
InSrdbk 

Adams  • 
ra 

John 
James, 

M 

H 

H 

Tailor  if,) 
Carried  ovi 

«. 
I* 

X 
XI, 

A. 

jr. 

4 
8 

£m 

£a 
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Names  of  Passed  Students. 

-At  umc*  of  tlw  atiidaBCi  wul  bo  ormitcd  olphabotleolly.  After  each  stiidaBt*i  name  i 
flaaiJ.  toch  in  a  lovarato  Uao, his  ■everal  aucecoac«  (If  ho  bat  more  than  odc);  and  ta  tho  laat 
the  aaiom  claiincd  OA  each  MMoeai,  aflcr  Mkbag  Um  propor  Ocdoetlooa. 


Name 

in  Ain. 


Trade,  or 
P^her's 

if"" 


Tnde. 


«!, 


p«t(/.)i 


UftVCB 

after  it. 


ffiffheet 

Po^toaia 


state  ;  Position  at  the  late 
whSAof  I      Examination.      |  Poefitonto 
Suhketj  I  Claw.  .  J?«^  ^aj 

J9u.\d.  er  jr.;    Mi^  I 


Carter 
Jcmm  ' 


Tkom$9» 


WaUom 


Br<mghtfoTward 
WaUam  I  «t  I  Clerk  in 
Henry,  \      \  GasWbrk$. 
I  Richard  ,  MS  ^  BruAlaper 

Pjer       So  I  Fitter 
Charles. 


I  man  if). 

Jfihmr  \Z  [  Publican 

B.  \    '  ' 
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Charlt9 
George  ' 


William 


C^ee-^p 


^9  I  Joiner*9 
App. 


JPupi^ 
teacher. 


a. 


d, 
a. 


B. 

I.  B. 
UL  A. 
J,    .  A, 


I 


II, 
IV, 
VIII. 

IX,  i 

lY.  . 
and  r. 

IV,  I 
and  V,  ' 

IV,  t 
\and  V,'. 

IV.  I 
and  V.\ 

IV, 
and  V: 

IV, 
and  V, 

IV, 
and  V, 

IV, 
and  V. 


A. 
E, 
A, 

B, 

3 


B.B 

B,» 

B,» 

A.  i 

B.  1 
B.9 

B,S 

A,  Bin 
IV. 

B.  ain 
IV 

A,  4  in 
IV, 
BsinV, 


A,  9  in 
IV, 
B,»inV, 
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SCIENCE  FORM,  No.  91. 


RULES  FOR  THE  GOIDOGT  OF  OOIEIOE  EXAMIRATIONS. 

J%e  following  rules  must  be  hung  up  in  the  examinatum  room  for  the 
ifformation  of  the  candidates  one  week  before  the  examination,  Tkey 
should  all  be  carefully  read  by  the  members  of  the  Committee,  and  tkose 
applying  to  the  candidates  must  be  read  aloud  brfore  the  Committee  and  the 
candidates  on  eaob  Blgbt  immediately  before  the  examination  begins. 

Directions  to  the  Committee. 

1.  If  one  room  is  used,  three  of  the  Committee  must  he  present  duiing 
the  whole  of  the  examination,  if  more  than  one  room  then  two  of  the 
Committee  in  each  room,  who  must  carefully  watch  the  whole  exami- 
nation and  see  that  candidates  use  no  unfair  means  either  hv  assisting 
one  another  or  using  hooks  or  notes.  The  members  of  the  Committee 
can,  if  they  wish  it,  relieve  one  another,  as  long  as  the  correct  number 
are  always  present.  No  persons  except  those  under  examination,  members 
of  the  Committee,  and  officers  of  the  Science  and  Art  Department  are  per- 
mitted to  be  present  in  the  room  during  the  examination. 

Note.— When  there  sre  not  more  than  three  candidates  it  will  not  be  neoesauyfor 
more  than  two  members  of  the  Committee  to  bo  present  at  the  ezamiuatioo. 

2.  PUces  must  he  allotted  to  the  candidates  so  that  they  may  be 
seated  at  least  five  feet  apart,  from  centre  to  centre.  Ink  and  pens 
must  be  provided.  All  diagrams,  &c.,  having  reference  to  the  Bubjecis 
of  the  examination,  must  be  removed  from  the  walls  of  the  exsmination 
room.  All  these  arrangements  for  the  accommodation  of  candidates 
^ould  be  completed  by  0.30  p.m. 

3.  It  may  be  of  service  to  the  Committee  that  the  teacher  of  the 
class  should  attend  before  the  examination  begins  to  assist  in  getting 
the  candidates  into  their  places ;  his  doing  so,  however,  is  at  the  dis- 
cretion of  the  Committee.  He  may  see  the  candidates  fiU  up  the  forms 
on  the  outside  of  their  papers  and  arrange  them  in  classes  for  the 
elementary  and  the  advanced  papers,  and  for  honours,  which  he  will 
explain  to  the  Committee  so  that  there  may  be  no  coniPusion.  But  he 
must  leave  the  room  before  the  examination  papers  are  opened:  informa- 
tion of  his  having  remained  in,  or  returned  to  the  room  after  this  will 
lead  to  the  examination  being  cancelled. 

NoiB.— Should  the  teacher  of  the  class  wish  to  sit  the  examination,  he  mustaj^ 
specially  to  the  Committee,  so  that  they  may  arrange  to  have  a  table  for  nm 
olose  to  their  own  seats,  and  not  with  the  other  candidates. 

4.  The  blank  papers  supplied  by  the  Department  for  the  candidates  to 
write  their  answers  on  should  be  first  distributed,  and  the  Committee 
should  see  that  the  candidates  commence  by  filling  in  their  names,  &c., 
where  directed.  The  arrangement  of  the  candidates  and  distribution  of 
the  papers  should  be  completed  before  6.50  p.m. 

NOTB.— Should  no  candidate  present  himself  for  examination,  the  packet  of  examio*' 
tion  papers  must  be  returned  to  the  Department  by  the  next  post  unopened, 

5.  At  10  p.m.  (on  the  nights  of  the  examination  in  subjects  I.,  H.i 
and  III.,  at  II  p.m.),  or,  as  much  sooner  as  all  the  candidates  have 
completed  their  papers,  the  worked  papers  must  be  sealed  up  in  the 
envelope  supplied  by  the  Department  for  that  purpose.  Before  they  arc 
thus  sealed  up  neither  the  teacher  nor  any  other  person,  not  being  a 
member  of  the  Committee,  must  be  allowed  to  enter  the  room. 
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6.  On  these  ezatninaitions  depend  large  grants  of  public  money.  On 
their  being  ftorly,  honestly,  and  impartially  carried  out  depends  the 
continusnce  of  the  system.  The  Committees  are  intrusted  with  this 
dutf .  They  will  see,  then^  how  neoessaty  it  is  to  be  extremely  careful  in 
eonducting  the  ezamboLations,  and  to  ininst  on  the  rules  being  complied 
with  to  the  letter.  They  are  therefore  required  to  fill  in  and  sign  the 
certificate  on  the  third  page  of  this  form,  and  to  forward  the  ssame  witii 
each  set  of  worked  papers. 

The  worked  papers  of  the  candidates  are,  as  will  be  seen  from  Rule  12, 
bdow,  to  be  imtialed  by  members  of  the  Committee.  This  is  to  prevent 
peaooation.  And  the  Committee  will  see  how  essential  it  is  that  tlu$ 
duty  be  not  treated  as  a  mere  matter  of  fonn. 


RXGUX^ATIONS  APPLYING  TO  THK  CanDIDATBS.  ^ 

To  be  read  to  the  Candidates  on  each  evening  hefwe  the  £6Dai»tiia/fO» 
QiiesljoM  are  cpened, 

7.  The  candidates  must  be  in  their  places  at  6.50  p.m.  After  this 
time  no  candidate  must  be  admitted  except  under  very  exceptional 
cbcamstances,  and  bv  express  permission  of  the  Conmuttee,  and  then 
only  if  no  person  has  left  the  room  who  has  seen  the  examination  paper. 
No  candidate  must  on  any  account  be  admitted  after  7.30  ^.m. 

8.  The  examination  papers  must  be  opened  in  the  exanunation  room 
in  the  presence  of  the  Committee,  at  6.55  p.m.  No  examination  paper 
may  on  any  pretence  be  taken  from  the  room  before  8  p«m. )  nor  after 
tiiat  hour  until  every  candidate  has  completed  and  given  up  his  worked 
psDcr.  '  - 

9.  Candidatea  should  not  bring  anything  with  them  into  the  exmi- 
nation  room,*  except  pens  and  pencils.  No  blottmg  paper,  scribbling 
p^ier,  slates,  or  angrthmg  of  the  sort  that  might  be  passed  from  one 
caodtdate  to  another,  is  on  any  account  to  be  allowed.  Rough  work  and 
calcuktions  must  be  done  on  the  supplied  form.  The  back  of  each  leaf 
of  the  form,  i.e.,  pages  2,  4,  6,  and  8,  may  be  reserved  for  this  purpose, 
the  pen  being  drawn  through  to  show  that  they,  are  not  for  the  examiner. 
Bni  nothing  must  be  torn  off  the  form.  All  books,  note-books,  &c.  must 
be  collected  bv  the  Committee. 

10.  Candidates  must  not  on  any  pretence  whatever  speak  to  one 
another  after  the  papers  have  been  given  out.  If  a  candidate  should 
lequire  to  ask  a  question,  he  will  hola  up  his  hand,  when  a  member  of 
the  Committee  will  attend  to  him,  but  no  question  on  the  meaning  of 
anv  portion  of  the  cacamination  paper  must  be  asked  or  answered. 

11.  When  the  examination  papers  have  been  given  out  no  candidate 
must  be  allowed  to  return  after  having  once  left  the  room.t  On  a 
candidate  leaving  the  room  before  the  examination  is  over  his  worked 
paper  and  examination  questions  must  be  taken  up,  and  he  must  deliver 
his  paper  of  questions  to  the  Committee.  At  10  p.m.,  precisely,  t  all 
tile  candidates'  papers  must  be  collected.  It  will  therefore  be  advisable 
to  warn  them  ten  minutes  before  the  time.  When  a  candidate  has 
completed  his  work  beipore  10  p.m.  he  should,  with  the  permission  of  the 
Committee,  go  away,  though  not  before  8  o'clock,  after  nis  worked  paper 
has  been  taken  by  a  member  of  the  Committee. 


•  Szoept  such  as  by  the  Time  Table  (Science  Form,  No.  90)  are  required, 
t  It  vUl,  thei«f(Hre«  be  desirable  to  make  some  arrangements  for  the  candidates  to 
retire  within  the  room.  , .   .        ^  . 

t  Kxoept  in  theDmwing  Examinations,  subjects  2  and  8,  then  the  hour  is  11  x>.m. 
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12.  The  papers  must  be  initialed,  hj  the  Committee  as  directed  u 
they  ftre  received  f^m  each  candidate,  as  a  guarantee  that  eadi  has  been 
worked  by  him  whose  name,  &c.  it  bears. 

13.  Should  a  candidate  break  any  the  foregoing  rule$,  or  use  wtfair 
means  of  ang  description,  he  must  be  at  once  expelled  the  exandnatitm 
room,  and  his  paper  cancelled,  the  Committee  stating  on  it  the  cause  of  kit 
expulsion. 

Ckrtificatk  by  the  Committbe. 

To  befitted  in  and  signed  by  the  Committee  and  forwarded  with  each  set  of 
worhed  papers. 

We,  the  undersigned  members  of  the  Committee  of  the  Science 
School  or  jCHass  held  at  

 .  [■-iStti?**'"]  in  rooms 

hereby  certiiy  that    we    were    present    during  the  examination 

"   —  [sJiJeet] 

held  in  the-^ — —  [fflSlJ]  on  the 

evening  of  the  ___where  the  accompanying  papers 

were  worked  in  our  presence,  and  that  the  forgoing  rules  have  been 
strictly  complied  with. 

Dated  this  day  of   18 


Slgnatiures. 

Time  Preient. 

Honr  of 
AnivaL 

Hoar  of 
D6|iartnK. 

1 

1 
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FOBH  Ko.  694. 


Summary  of  the  Law  relating  (I.)  to  the  Establishment  and 
Maintknancb  of  Public  Libraries,  Museums,  and  Schools 
of  Science  and  Art,  and  (IL)  to  the  Acquisition  of  Sites  for 
rach  Institutions. 


N.fi. — TTdt  svmmary  hu  been  prmared  for  the  coneral  UOomMuMom 
•Blr  of  oertoni  desiring  to  establish  Museums  and  Science  and  Art 
Sehok,  out  ii  must  be  clearly  understood  that  the  Department  does  not 
hold  iitdf  responsible  for  its  legal  accuracy,  and  the  promoters  of  such 
instituiUms  are  recommended  not  to  take  any  definite  proceedings  under  the 
Act$  without  availing  themsehes  ofprofessunuU  advice. 


L  Any  town,  parish,  district,  or  union  of  parishes,  is  empowered  hj 
Act  of  Parliament  (the  Act  for  England  is  the  18  and  19  Vict.  c.  70, 
Public  libraries  Act,  1855;  amended  by  the  29  and  30  Vict.  c.  114.  As 
regards  Scotland  and  Ireland,  see  §§  10  and  11  below),  to  levy  a  rate  not 
exceeding  one  nenny  in  the  pound  for  the  establishment  and  main- 
tenance of  builoings,  with  the  requisite  appliances,  suitable  for  Public 
Libraries  and  Museums,  or  for  Schools  of  Science  or  Art,  or  for  any  or 
all  of  these  purposes,  provided  that  a  majority  of  more  than  one-half  of 
tiie  ratepayers  present  at  a  public  meeting,  duly  convened,  vote  in  fkvour 
of  adopting  the  provisions  of  the  Act. 

2.  The  preliminary  steps  to  be  taken  with  a  view  to  the  adoption  of 
the  Act  are  these : — 

(a.)  In  Mumcioal  Boroughs  the  Act  requires  that  the  mayor  shall  con- 
vene a  prnolic  meeting  on  the  request  of  the  town  council,  or  on 
the  request  in  writing  of  any  ten  resident  ratepayers ; 

(P.)  In  Districts  within  the  limits  of  any  Improvement  Act,  the  district 
board  is  to  convene  a  meeting  upon  tne  requisition  in  writing  of 
at  least  ten  resident  ratepayers ;  and 

(c.)  In  Parishes,  the  overseers  of  the  poor,  on  the  written  requisition 
often  resident  ratepayers,  are  to  convene  a  meeting  to  determine 
whether  the  Act  shiJl  be  adopted. 

3.  In  each  case  it  is  necessary  that  ten  clear  days'  notice  of  the  time, 
place,  and  object  of  the  meeting  oe  given  by  affixing  the  same  on  or  near 
the  door  of  every  church  and  chapel,  and  at  least  seven  days'  notice  by 
advertisement  in  a  newspaper  published  or  circulating  in  the  borough, 
district,  or  parish,  as  the  case  may  be. 

4.  Any  expenses  incurred  in  connexion  with  the  meeting,  whether  the 
Act  be  adopted  or  not,  are  chargeable  upon  the  borough  fund  or  rates, 
and  may  be  defrayed,  if  necessary,  by  a  separate  rate  spedaUr  levied  for 
the  purpose,  such  rate  not  to  exceed  one  penny  in  the  pound. 

5.  If  any  meeting  duly  convened  to  determine  as  to  the  adoption  of 
the  Act  decides  against  it,  no  meeting  for  a  similar  purpose  can  be  held 
niitQ  the  expiration  of  at  least  a  year  firom  the  tune  of  holding  the 


6.  If  the  Actbe  adopted  the  organisation  for  carrying  its  provisions 


(a.)  In  Boroughs.  "The  management,  regulation,  and  control  of 
"  libraries  and  museums,  schools  for  Science  and  Art,  shall  be 
"  vested  in  and  exercised  by  the  council/'  or  by  such  oommittee 


L 
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as  the  ooundl  may  app<niit>  and  the  members  of  the  committee  are 
not  required  to  be  memberg  of  the  council. 

(5.)  In  Districts,  The  board  or  trustees  actinfif  in  the  execution  of 
the  Improvement  Act,  or  a  committee  appointed  bj  them. 

(c.)  In  Parishes.  Not  less  than  three  nor  more  than  nine  coDunis- 
sioners  to  be  appointed  by  the  vestry,  are  constituted  a  body  cor- 
porate for  the  purposes  of  the  Act,  under  the  name  of  "  Tbe 
"  Commissioners  for  Public  Libraries  and  Museums  for  thePanah 
"  of.  in  the  County  of  

7.  The  council,  board,  or  commissioners  are  empo^^ered  to  borrow 
money  at  interest,  on  the  security  of  a  mortgaj^  or  bond  of  the  boroujrh 
funds,  or  of  the  rate  levied  under  the  Act ;  and  the  provisions  of  &e 
Companies  Clauses,  and  Lands  Clauses  Consolidation  Acts,  1B45,  are 
incorporated  with  the  Public  Libraries  Act. 

8.  nhere  two  or  more  neif^hbouring  parishes  combine  for  the  pur- 
poses of  the  Act,  each  parish  is  to  appoint  not  more  than  three  commis- 
moners,  and  the  commissioners  for.tne  several  parishes  are  to  fonn  one 
})ody  corporate,  and  to  act  tof|[ether  in  the  execution  of  the  Act.  The 
expenses  of  carrying  the  Act  into  operation  are  to  be  borne  by  the 
parishes  in  such  proportions  as  they  may  mutually  approve. 

9.  It  is  important  to  observe  that  where  a  public  museum  or  fibnoy 
has  been  already  established  under  anv  Act  Klating  to  public  libraries 
or  museums,  a  similar  institution,  sucn  as  a  School  of  Science  or  Art, 
may  be  established  in  connexion  therewith  without  any  further  pro- 
ceedings being  taken  under  the  Act. 

10.  The  fofiowing  are  the  general  Acts  of  ParUament  relating  to  the 
establishment  and  maintenance  of  public  Hbraries,  museums  ana  Schoob 
of  Science  or  Art.  Those  printed  in  italics  have  been  superseded  hj 
the  others : — 

Stats.  S  and9  Vict.  c.  43;  13  and  14  Vict.  c.  65  ;  16  and  17  Vtct. 
c.  101;  17  and  18  Vict.  c.  64;  17  omf  18  Vict.  c.  103;  18  and 
19  Vict.  c.  40  (Public  Libraries  Act,  Ireland,  1866);  18  and  19 
Vict.  c.  70  (Public  Libraries  Act,  1865);  29  and  30  Vict.  c.  114 
(Public  Libraries  Amendment  Act,  England  and  ScotUmd,  1865), 
repealed  so  far  as  it  relates  to  Scotland  by  the  30  and  31  Vict, 
c.  37  (Public  Libraries  Act,  Scotland,  1867). 

11.  The  provisions  relating  to  the  establishment  and  maintenance  of 
libraries  and  museums,  &c.  in  Scotland  and  Ireland  are  substantially 
the  same  as  the  provisions  of  the  Act  for  England,  but  there  are  some 
differences  in  matters  of  detail,  for  which  it  will  be  ad^dsable  to  refer 
to  the  Acts  themselves,  namely,  for  Scotland,  Stat.  30  and  31  Viot. 
C.  37,  and  for  Ireland,  Stat.  18  and  19  Vict.  c.  40. 

IL 

12.  By  17  and  18  Vict.  c.  112  (intituled  "The  literary  and  Scientific 
*'  Institutions  Act ") — ^after  recituig  the  expediency  of  affording  greater 
fadlities  for  obtaining  and  settling  sites  and  buildings  in  trust  for 
institutions  established  for  the  promotion  of  literature,  science  or  ar^ 
or  for  the  diffusion  of  useful  knowledge ;  it  is  provided  that  such  per^ 
sons  and  corporations,  as  are  described  in  the  4  and  5  Vict.  c.  38,*  may 


*  *^  persoD  being  seised  legally  or  equitably  in  fee  simple,  fee  tail,  or 

for  life,  in  anv  manors  or  lands  of  ft^hold,  copyhold,  or  cu8tomai7  tenure^  and  banng 
^e  ben^dal  interest  therein,  in  possession  for  the  time  bebig ;  and  (2)  any  oorpon- 
.522*5®^*®"!?"^  or  lay,  sole  or  aggregate,  in  whom  land  may  be^  in  any  manner, 
.lS"*S»'r*°"J^''  ^  l'^^  proviso  that  no  ecclesiastioal  corporation  sole  below  the  digni^ 
^ooesS^"*^  vit^iout  ihe  oonaent  in  writine  of  th«  bishop  ^rf  the 
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gaiiL  ooiiT^,  or  enfrmnchiie,  either  by  gift,  sale,  or  exdmngey  in  fee 
gimpie,  or  for  a  term  of  years,  any  quantity,  not  exceeding  one  acre  of 
iheir  land»  for  each  separate  institution,  as  a  site  for  such  institution. 
.  13.  Th^  poveia  are  subject  to  provisos  that  they  shall  not  be  exer- 
ciaed  by  tenants  for  life  unless  the  person  or  persons  next  in  remainder 
join  in  the  grant ;  that  in  case  or  gratuitous  conveyance  of  waste  or 
commonable  hmd  by  any  lord  of  a  manorj  the  rights  of  idl  commoners 
and  others -having  ijaterest  shall  be  barred ;  and  that  upon  any  land  so 
granted  by  way  (3  gift  ceasing  to  be  used  for  the  purposes  of  the  insti- 
tstion,  it  shall  revect  to  the  estate  out  of  which  it  was  granted,  except 
ooly  thai  when  the  institution  is  removed  to  another  site,  the  Iflmd  mayi 
be  exchanged  or  sold  for  the  benefit  of  the  institution.  The  same  Act, 
of  17  and  18  Vict.  c.  112,  contains  numerous  provisions  relating  to  tiie 
persons  by  and  to  whom,  and  the  manner  in  which,  conveyances  may 
oemade;  the  form  of  such  conveyances;  the . subsequent  sale  or  ex- 
disQge  of  tiie  land ;  the  liability  of  trustees -to  whom  land  is  convq^  in 
tnut ;  the  ownership  ,of  any  personal  prooerty  belonging  to  tiie  msti- 
tutiflD ;  the  power  to  make  bydaws ;  ana  the  manner  in  which  the 
institution  maj  afterwards  extend  or  abridge  the  purposes  for  which  it  was 
sstsblished,  or  may  effect  its  own  dissolution  or  the  adijustment  of  its 
aSvxs. 

14.  The  Act  applies  to  every  institution,  for  the  time  being,  esta- 
blished lor  the  promotion  of  science,  literature,  the  fine  arts,  for  adult 
mstructioov  ana  for  the  dif^sion  of  useful  knowledge.  It  also  applies 
to  the  foundation  and  maintenance  of  libraries  or  reading  rooms  for 
geneial  use  among  the  members  or  open  to  the  publi^  of  puUic 
nuneums  and  galleries  of  paintings  and  other  works  of  art,  collections 
of  natural  histosy-f  mechanical  and  philosophical  inventions,  instruments^ 
or 

15.  Hie  conveyance  of  site^  to  tnistees,  or  others  associated  together 
for  educational  purposes,  has  been  still  further  facilitated  b^  recent 
legislation.  It  b  no  longer  necessary  to  acknowledge  any  deed  in  order 
thatitmagrbB  enroUed  m  the  Court  of  Chancery  (Act  31  and  32  Vict, 
c  44.  B.  If  ihe  grantor  be  a  corporation,  or  if  the  conveyance  be 
really  and  boni  fide  made  for  a  full  and  valuable  consideration,  enrol- 
ment is  90  longer  compmUarys  although  it  is  still  permitted;  but  in  all 
cases  of  voluntary  grants  by  individuals,  the  deed  must  still,  in  con- 
fbrmify  with  the  Mortmain  Acts  (9  George  II.  o.  36,  9  Geor^  IV.  c  85), 
be  enrolled  within  six  calendar  months  firom  the  date,  of  its  execution 
(31aBda2Viot.c44.s.2). 


SCIENCE  FOBM,  No,  349. 

IttlUTIMt  MIEI  WHICH  IHILHIHH  HRAHT8  TO  ttmil  HF  teiEHei 

ARE  MADE. 

1.  A  grant  in  aid  of  a  new  building  suitable  for  a  School  of  Soienoe, 
or  fbr  the  adaptation  of  an  existing  building,  will  be  made  provided  that 
the  school  be  Duilt — 

o.  Under  the  Public  libraries  Act  (13  &  14  Vict.  c.-6&.;  18  A-W 

Vict.  c.  70.,  29  &  a)  Vict.  0.114.),  or,  ^ 
b.  In  connexion  with  a  School  of  Art  aided  by  a  Department 
building  grant;  and  subject  to  the  conditions  herem-aAer  set 
forth. 

D  2 
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2.  All  applications  for  grants  out  of  the  parliamentary  yoie  for  any 
ytKt  mtut  M  sent  in  on  or  before  the  15th  day  of  November  in  the  year 
preceding. 

3.  Nogrant  will  be  made  unless  their  Lordships  are  satisfied  that,^ 

a.  There  is  a  population  in  the  neighbourhood  whidi  requires  a 

Sdiool  of  Science. 

b.  The  school  is  likely  to  be  maintained  in  efficiency. 

4.  No  grant  wiU  ezoeea  2s,  6d,  per  square  foot  of  internal  area,  and 
no  grant  will  exceed  600/. 

6.  The  site,  plans,  estimates,  specifications,  title  and  trust  deed,  must 
be  satisfactory  to  the  Lords  of  the  Committee  of  Council  on  Education. 

6.  A  plan  of  the  site  must  be  forwarded  drawn  to  a  scale  of  0Dfr«ghth 
of  an  inch  to  a  foot,  and  showing  the  boundaries,  approaches,  and 
abuttols. 

7.  The  site  must  be— 

a.  In  a  situation  not  unhealthy  or  noisy. 

b.  Within  convenient  distance  of  the  homes  of  the  students. 

c.  If  possible  freehold  in  tenure,  without  ineumbranoe  of  rights 

reserved  over  the  surfiace,  or  reservation  of  mineials.* 

8.  The  sixe  and  number  of  rooms  will  depend  on  local  circumstances 
and  the  different  sciences  to  be  taught  in  tiie  school.  The  plans  and 
sections  must  be  submitted  with  the  application  for  the  grani  and  the 
proposed  buildings  must  be  in  accordance  with  the  regulations  then  in 
force  as  to  sixe  and  distribution  of  rooms,  ventilation,  and  substantial 
construction. 

9.  In  cases  where  they  may  think  it  necessary,  their  Lordships  win 
send  an  officer  of  tiie  Department  to  inspect  and  report  on  tiie  suitability 
of  the  building  and  site  for  the  purposes  of  a  School  of  Science. 

10.  The  plans,  specifications,  and  estimates  when  approved  and 
sealed  may  be  returned  to  the  promoters  for  use^  but  must  be  lodged  in 
the  Science  and  Art  Department. 

11.  A  trust  deed  must  be  prepared  providing — 

a.  That  the  building  be  used  t  as    a  sdiool  for  the  instruction  of 

"  children  and  adults  in  the  pure  and  natural  sdenoes  appli- 
"  cable  to  industry  and  manufactures.*' 

b.  That  it  shall  be  open  at  all  times  to  the  inspection  of  the  officers 

of  the  Science  and  Art  Department. 
V,  That  the  students  shall  be  instructed  by  teachers  qualified  to 
earn  payments  on  the  result  of  their  teaching. 

d.  For  the  constitution  of  a  body  of  responsible  trustees  and  a 

committee  of  management. 

12.  This  trust  deed  must  not  be  executed  until  it  has  been  approved 
in  draft  by  the  Lords  of  the  Committee  of  Council  on  Education. 

13.  When  the  trust  deed  has  bem  executed,  and  if  neoessair  en- 
rolled, a  copy  of  it,  including  all  signatures,  attestations,  and  enaorse- 
ments,  must  be  made  on  plain  unstamped  paper,  and  lodged  in  the 
-Sdenoe  and  Art  Department. 

14.  The  grant  is  made  on  presentation  of  a  certificate  (with  balance 
sheet  annexed)  by  the  buildmg  committee  of  the  school,  setting  fortii 
that  the  building  and  conveyance  are  duly  completed,  and  tbat  the 
money  in  hand  will,  when  added  to  the  grant,  meet  all  chums  and  finally 
dose  the  account. 

•  AlMMbold  Biteisnottooepted  bj  their  Lordships  when  a  ft«ehold  sito  esn  be 
ODteiiiea. 

t  If  any  i>pwer  of  eale,or  of  mpropristing  the  pranlsee  to  other  one  thin  those  of  » 
*'^^^<''<>°<^^>«*or^™<M  rnnet  oontahi  »  eooditton  seeiirinff  the  rem^ 
inentofthesnmttotheLoidsofHerMi^My'sTnt^ 
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APPENDIX  R 


Stllabcs  of  the  Subjects  in  which  Exawkations  ia 
SCBSKCB  are  held  by  the  Department  of  Sciencs  anit 

AfiT. 
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SYLLABUS  OF  THE  SCIENCE  SUBJECTS. 


The  following  Syllabus  has  been  prepared  in  order  to 
afford  candidates  some  guide  to  their  reading ;  but  it  must 
be  understood  that  the  questions  in  the  examination  need 
not  necessarily  be  on  the  spedficpoints  enumerated. 

The  examination  is  by  paper,  but  oral  examinatipn  may 
be  resorted  to.  The  examination  in  each  subject  is  distinct 
Mention  is  made  of  text-books  solely  to  afford  a  candidate 
some  assistance  in  selection,  and  a  general  idea  of  the  scope 
of  the  examination,  and  not  at  all  to  confine  his  reading  to 
those  works,  or  to  assert  that  they  are  the  best  on  Ae  sub- 
jects  they  treat  of. 
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SUBJECT  IMPRACTICAL  GEOMETRY. 


Every  one  employed  in  any  constructive  art  must  acquire  the  power  of 
repieseDtinff  on  paper  the  rlprms  and  proportions  of  the  worK  to  be 
ezeented,  wnether  it  be  of  machinery,  or  of  civil  or  naval  architecture ;  and 
ofthos,  not  immediately  interested  in  construction  require^  in  survejiap^, 
navigation,  &c.  a  knowledge  of  practical  as  well  as  theoretical  geometry 
of  a  more  than  elementary  order. 

Since  it  is  essential  to  their  utility  that  geometrical  drawing  should.be 
accurate,  the  draughtsman  must  by  practice  and  instruction  be  suifi«^ 
dently  acquainted  with  geometry  to  be  able  to  apply  its  theorems  with' 
readiness  and  precision,  and  be  sufficiently  skilnil  in  the  use  of  his 
instruments  and  matenaU  to  ensure  neatness  as  well  as  accuracy  iil» 
execation :  without  these  qualifications  it  is  assumed  that  no  one  will 
preMt  himsetf  for  examination  in  this  subject. 

But  although  prepared  to  this  extent,  the  subject  may  be  new  to 
many,  espedaUy  to  those  not  acquainted  with  the  application  of  arithmetic 
and  algebra  to  geometry ;  it  may  therefore  be  necessary  to  apprise  candi- 
dates, not  only  of  what  kind  of  knowledge  will  be  expected,  but  of  the 
form  in  which  the  examination  papers  will  be  drawn  up. 

Each  paper  will  contain  questions  in  both  plane  and  solid  geometry, 
about  12  in  number,  of  which  the  candidate  may  select  any  number  not 
ezoeedhig  eight,  but  to  obtain  a  olass  in  either  course,  at  least  half  the 
questions  answered  must  be  f^rom  the  solid  geometry. 

The  candidate  must  also  understand  that  he  must  strictly  comply  with 
the  conditions  of  each  question,  and  not  imagine  that  by  substituting 
others,  provided  they  are  analogous,  he  may  obtain  credit  for  his  answer ; 
strict  impai^ality  would  be  violated  by  any  such  latitude. 


Fust  Stags  or  Elbiibntart  Codrsb. 
Plane  Geometry, 

1.  Exercises  in  neatness  and  accuracy  not  requiring  any  iMdvanoed 

knowl^ige  of  geometir,  e.^.>  the  construction  of  an^  irregular 
polygon  when  the  length  of  its  sides  and  magmtude  of  ita  angles 
are  given. 

2.  The  constroction  of  plain  scales.  ^  ^ 

3.  Problems  where  straight  lines  only  are  ooncemed. 

a.  To  divide  a  line  in  any  pvea  ratio. 

b.  To  find  a  mean  proportional,  or  third  proportional  to  two,  and 

a  fourth  proportional  to  three  straight  lines.  . 

c.  To  divide  a  line  so  that  the  area  contained  by  the  Siegments 

may  be  of  a  given  magnitude.  ... 

4.  To  construct  a  polygon  of  n  sides — 

a.  Upon  a  given  base. 
b»  To  be  of  a  given  area. 
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5.  To  re  dace  a  polygon  of  n  ndea  to  an  equivalent  triang^ 

6.  To  draw  circles  to  touch  shren  lines  or  circles,  or  more  genenllr  to 

work  problems  where  the  straight  line  and  circle  ate  mrolTca  in 
vanous  combinations. 


Solid  Qewnetry. 

A  general  knowledffe  of  the  principles  of  Projection,  and  of  the  mean- 
ings of  those  terms  which  are  m  constant  use,  such  as  Plan,  Elevation, 
Inoe,  &c. 

Application  of  those  principles,  and  illustration  of  the  terms  in  the 
case  of  a  simple  solid  resting  on  the  horizontal  plane. 

Generally : — ^Tlie  elements  of  descriptive  geometry  carried  so  iar  as  to 
enable  the  student  to  represent  a  solid  by  its  plan  and  elevation : — 

a.  When  the  inclination  of  one  hat  of  the  solid  is  given,  and  thai  of 
one  edge  of  the  face. 

d.  When  the  inclinations  of  two  edges  or  two  diagonals  of  the  solid 
an  given. 


Skcond  Staob  or  Advancbd  Coursb. 
Plant  Owmetry. 

1.  The  division  of  finite  lines,  or  those  lines  produced  under  any  of  the 

conditions  stated  in  the  previous  course,  or  under  those  of  a  more 
comprehensive  character,  such  as  harmonically,  &c. 

2.  To  determine  by  construction  lines  which  shall  be  equivalent  to 

magnitudes  given  by  algebraical  expressions,  such  as — 


a.  V'm,        ~,        1 ;  (m  and  n  being  numbers, 
II  m 

C  K 


) 


3.  The  construction  of  polygons  from  adequate  conditions  of  sides, 

angles,  area,  or  perimeter. 

4.  The  division  of  polygons  into  m  areas  by  parallel  lines,  or  by  lines 

drawn  through  a  given  point. 

5.  To  draw  circles  to  touch  given  lines  and  drdes  and  to  pass  thiongh 

two  given  points. 

6.  Tlie  construction  of  those  plane  curves  which  are  required  in  practical 

arts  (ellipse  parabola,  cycloid,  spirals,  &c.,  &c.) 

7.  The  construction  of    scales"  to  drawings,  to  different  unxU  of 

measure,  English  and  foreign,  both  plain  and  diagonaL 
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SoKd  QtomHry. 

A  mora  aeaiching  examination  in  the  pvinciplM  and  damentaiy 
pioblema  of  deacriptiye  geometry. 

h,  Repreaentation  of  a  aolid  by  ita  plan  and  elevation  when» — 

1.  A  plane  connected  with  tiie  solid  ia  giren,  and  a  line  lying 

in  that  plane. 

2.  Two  lines  connected  with  the  solid  are  given. 

3.  Two  planes  do.  do. 

4.  The  height  of  three  points  of  the  solid  are  given. 

c.  Ptahkms  on  the  S])herey  cone,  and  cylinder, — 

1.  Representation  of  those  sobds  in  given  positions  and  in 

contact. 

2.  Tlie  determination  of  planes  tangential  to  them. 

3.  The  determination  of  their  sections  by  planes  under  given 

conditions. 

1  he  determination  of  the  shadows  of  solid  bodies  bounded  either 
by  pLuie  or  curved  surfaces,  as  cast  by  either  parallel  or  converging 
lays  (Mf  light, 
e.  Isometrical  projection. 


EXAMIlf  ATION  rOR  HOMOUBS. 

Plane  Oeometry. 

Candidatea  for  honours  will  be  required  to  make  constructions  io> 
latmg  to  the  contact  of  lines  and  circles  with  each  other,  and  with  other 
emrves»  requiring  more  knowledge  of  geometry  and  the  power  of  miJdng 
deductipnaj  than  is  expected  of  other  candidates;  but  the  questions  on 
these  and  other  sulyects  will  be  of  a  practical  utility  in  geometrical 
drawing.  They  must  possess  some  knowledge  of  ana^caf  geometry, 
so  as  to  be  able  to  construct  lines  or  circles  given  by  algebraical  ex- 
pfessiona  referring  to  co-ordinate  geometry  of  two  dimensions,  such  aa 

'  +  1=1;  »rin  J+y cos  J-p  =  Oj  (jp-.a)«+(y- 6)«  =     &c,  &c. 

Thej  should  also  possess  a  sound  knowledge  of  the  properties  of  the 
conic  sections,  and  of  tiiose  other  curves  which  amnit  of  practical 
application,  such  as  the  epicycloid,  evolute,  &c. 


Solid  Oeometry. 

Problems  will  be  given  both  in  orthographic  and  radial  (or  per- 
spective) prcnection.  Amongst  other  subjects  in  the  former  of  these 
must  be  studied  that  branch  known  as  isometric  projection,  the  solution 
of  the  cases  at  the  spherical  triangle  by  conatructioD,  the  development 
of  Burftices,  and  the  intersection  of  curved  surfaces.  In  the  radial 
projection  the  student  must  show  that  he  is  acquainted  with  the 
geometrical  principles  of  that  method,  and  not  merely  be  capable  of 

putting  imto  perfective  "  a  given  solid. 
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The  following  books  an  reoommeDded  for  study  in  Subject  L ' 


For  Theoretical  Qeometry, 

EveUd's  Elements  of  Geometry  (School  Edition),  by  R,  Potts,  12mo., 
4s.  6d,  (London,  Longman,  1868.) 

Plane  Oeometry  according  to  Euclid  (Chambers'  Series),  by  A.  Bell. 
l2mo.t  Is.  6d.  (London^  Chsmbers.) 

Elements  of  Euclid  (Weale's  Series),  by  H.  Law,  12mo.,  2f. 

(London,  Virtue,  5th  ed.»  1868.) 

Manual  of  Euclid,  by  J.  A.  Galbraith  and  S.  Haughton,  12mo.»  two 
parte,  2s.  6d.  each.  (London,  Caaell«  1868.) 

Princ^les  of  Modem  Geometry,  by  J.  Mulcahy,  8vo.,  9s. 

(London,  Simpkin,  2nd  ed.,  1862.) 

iil6nents  de  G^om^trie,  par  Legendre,  avec  Notes  par  Blanchet,  8vo., 
4s.  (Paris,  Didot,  11th  ed.,  1867.) 


For  Analytical  Geometry: 

T\reatise  on  Plane  Co-ordinate  Geometry  as  amlied  to  the  Straighi  Line 
and  the  Conic  Sections,  by  I.  Todhunter,  8vo.,  7s.  6d. 

(London,  Macmillan,  4th  ed.,  186/.) 

A  Treatise  on  Conic  Sections,  by  G.  Salmon,  8ro.,  I2s. 

(London,  Longman,  4th  ed.,  1863.) 

Analytical  Geometry  of  Three  Dimensions,  by  G.  Salmon,  8vo.,  12«.  . 

(Dublin,  Hodges  &  Smith,  2nd  ed.,  1865.) 

Treatise  on  the  Analytical  Geometry  of  Three  Dimensions,  by  J.  Hymera^ 
8yo.,  105.  6d.  (Cambridge,  Deighton,  drd  ed.) 

Mmenta  de  G4om4trie,  par  S.  F.  Lacroix,  8vo.,  4s.        (Paris,  1863.) 

Analyse  appliquie  h  la  G^om^trie  des  trois  Dimensions,  par  0-.  F.  A. 
Leroy,  8vo.,  6s.  (Paris,  1854.) 

JFbr  Practical  Geometry, 

Practical  Creometry,  by  Thos.  Tate  (Gleig's  series),  18mo.,  Is, 

(London,  Longman,  1868.) 

SUments  of  Geometrical  Dramng,  by  Thos.  Bradley,  in  two  partly 
oblong  folio,  each  16^.  (London,  Chapman  &  Hall,  1862^) 

Practical  Geometry,  Linear  Perspective,  and  Projection,  by  Thos. 
Bradley  (Library  of  Useful  Knowledge),  8vo.    (London,  Baldwin.) 

Elements  qf  Descriptive  Oeometry,  ^  by  J.  Woolley,  text  8yo.,  plates 
4to.,  20*.  (London,  Parker,  I860.) 

Elementary  Geometrical  Drawing,  by  S.  H.  Winter,  in  two  Syo«  parted 
3s.  6d.  and  6s.  6d.  (London,  Longman^  1861.) 

Elementary  TreaHse  on  Deseriptiee  Geometry,  by  J.  .F.  HesifaeE^ 
(Weale's  series),  12mo.,  2s.  (London,  Weak,  ia6L) 

First  Lines  in  Geometrical  Drawing,  by  J.  F.  H.  De  Rheims,  8vo.>  9L 

(London,  Williams  8e  Noigate,  1865«) 
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*Trmt^  de  Q^omdtrie  DemsripHoe,  par  J.  Adh^nar  (with  AtUs),  8to. 

2Qff.  (Pteifl,  4th  ed.) 

£$sais  de  G6om^r%e  sur  les  Plans  et  les  Surfaces  Courbee,  par  S.  F. 

Lacroix.  (Paris,  7th  ed^ 

JhM  de  O^om^trie  DeeenpHve,  par  Lefl^uie  de  Fouicj,  2  tqLb.,  8vo. 

(Paiifl,  1864 J 

TrttiUde  G^omArie  Descriptive,  par  La  Vall^  (with  Atiaa),  4to.,  I6s. 

(Paris,  2ad  ed.,  1826.) 

TraiU  de  SUr4otQmie,  SfC»,  par  C.  F.  A.  Leroy^  awsotie  par  £.  Mar- 
telet^  4to.  (with  Atlas  in  fcdio).  (Paris,  1866.) 

Notes  et  Croquis  de  Q4om4trie  Descriptive,  par  Bardin^  lblio,  lOt. 

(Paris,  2nd  ed.,  1837.) 


SUBJECT  ll.-MACHINE  CONSTRUCTION  AND  DRAWING. 

FiBBT  Staob  or  Elembiytary  Course.  ' 

The  candidate  will  have  to  draw  from  sketches  and  written  conditions 
the  elementary  constituent  parts  of  all  mechanism,  such  as  wheels,  camsj 
links,  cranks,  couplings,  shafting,  excentrics,  cushions,  or  pillow  hlocks, 
but  he  must  vhowlns  Knowleclge  of  machinerj  br  sipfilyiiH^  ^ose  detEula 
and  that  finish  of  execution  that^are  intentionally  onutted  in  the  sketch. 
Any  indication  in  the  candidate's  work,  that  he  has  simply  copied  the 
sketch,  only  altering  the  scale,  without  understanding  the  prindide  of 
the  mechanism,  will  invalidate  his  examination. 

The  essential  condition  of  symmetry  which  characterizes  all  the  works 
of  man,  that  of  being  counterpart  on  each  side  of  a  central  line  or  axis  of 
aymmetiT,  indicates  the  proper  mode  of  drawing  such  olijects ;  this  prin^ 
ople  in  orawinffj  which  may  be  called  "copying  by  co-ordinates,". must 
be  rigorously  observed,  not  only  in  the  generalforms  but  even  down  to 
the  smallest  details ;  unless  it  is  so  the  drawing  must  be  wor&less^ 
because  inaccurate. 

Second  Stage  or  Advanced  Course. 

.  The  csndidate  will  have  to  represent  oombinationa  of  the  abo  vMamed 
demtntny  parts  in  maohanerj,  as  engines,  lathes,  dziUing,  >  pkknia|^ 
madiines,  tookr^  dock^woik,.  &a .  He  will  have  imfiniahed  skefcdioa  of 
mA  combmstioas  set  before  him,  and  he  will  be  expected  oocaaionilly 
to  abaw  the  parts  in  that  different  position  which  would  be  produced  by 
<lie  moiiv«  pcw«r  acting  on  nmtually  dependent  parts. 

He  will  also  occasionally  be  required  to  show,  in  skeleton  outline,  new 
oombinations  for  effecting  some  changes  of  motion  and  velodfy  according 
to  conditions. 

He  must  also  be  able  to  represent  parts  of  mechanism  that  admit  of  it 
in  iaometrical  projection. 


The  most  practical  of  all  French  works. 
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Examination  ron  Honours. 

*  The  candidate  wiU  be  required  to  inake  one  or  more  dmwinga  to  scale 
of  some  machine  intended  to  effect  a  prescribed  operation,  from  a  desorip- 
tion,  aided  by  sketches  of  those  parts  requirin||[  espeoal  ezpbmation. 
These  drawings  he  will  be  allowed  to  execute  at  his  own  home* 

In  addition  he  will  have  to  answer  in  writing,  and  hy  sketches  to  scale 
illustrating  his  answers,  questions  on  the  general  principles  of  mechanism, 
the  modes  of  connecting  the  power  with  the  work,  the  different  modes 
of  changing  the  relocily  of  the  motions  produced,  and  generally,  analo- 

Sous  questions  intended  to  ascertain  his  knowledge  of  machineij^  and 
le  means  of  representing  it. 

Works  containing  illustrations  of  engines,  tools  and  machines  are  too 
numerous  and  well-known  to  require  enumeration,  but  for  the  principlea 
of  mechanism,  the  following  are  particularly  recommended : — 

The  Elements  qfMechaiUm,  by  T.  M.  Goodeve,  8to.,  &8.  &d. 

(London,  Longman,  2nd  ed.,  1866.) 

Dyaamtcs,  Comstructum  ^Machinery,  by  6.  F.  Warr,  Svo.,  9«.  &d. 

(London,  Baldwin,  1851.) 


SUBJECT  III.— BUILDING  CONSTRUCTION. 


First  Stags  ob  Elbmentabt  Coubsb. 

The  candidate  will  have  to  draw  from  unfinished  sketches,  as  stated 
for  the  preceding  sulject,  parts  of  constructions,  such  as  widls,  fiooie, 
roofs,  partitions,  arches,  &c.  The  same  remarks  and  injunctions  vp^y 
here  as  for  Subject  No.  II.  In  building  construction  the  knowledge  of 
the  candidate  will  be  shown  by  the  bond  of  his  brickwork,  the  framin|^ 
and  scantling  of  his  timber,  and  joinery  of  his  doors  and  sashes,  and  by 
the  characteristic  peculiarity  of  cast  or  wrought-iron  structures. 

Sbcond  Stage  ob  Advanced  Coubsb. 

The  candidate  will,  in  addition  to  more  elaborate  drawings  of  the  same 
elementary  parts,  have  to  draw  parts  of  viaducts,  bridges,  embankments, 
docks,  &o.  Sec,  and  will  have  to  answer,  in  writing,  questions  on  tlie 
material,  brick,  stone,  slate,  timber,  &c.  used  in  such  works. 

In  addition  he  will  occasionally  be  called  on  to  design  parts  of  stnio-> 
tures  according  to  given  conditions  of  use  and  matmd,  but  as  tiie  time 
allowed  for  the  examination  does  not  admit  of  any  complicated  dimwisi^, 
he  can  only  be  expected  to  show  his  knowledge  and  taste  by  his  dzawin^^ 
as  fiur  as  it  goes. 


Examination  vob  Honoubs. 

.  The  candidate  will  have  to  make  one  or  more  drawings  of  a  building 
for  some  special  use  from  description  and  specdfication,  these  drawings 
he  will  be  allowed  to  execute  at  his  own  home.  He  will  also  have  to 
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Mm  m  wnting,  illiutrated  when  directed  by  sketches  to  scale,  aiiei- 

twM  on  Ac  foUowing  subjects  ^  *  ^ 

Tbe  different  materials  nsed  in  buildings  the  mode  of  preparinff  them 
tod  their  a])plication  in  different  parts. 

T^e  framinf^  of  timber  in  roofr,  floors,  partitions,  stairs,  &c. 

liMitteof  iron^castorwToagfat;  the  construction  of  lattice  drders  in 
Tttducts,  bridges,  &c. 

The  eonstmction  of  brick,  stone,  or  iron  bridges,  direct  or  obKque, 
ivpenaon  bridges,  tunnels,  drains,  &o.,  Ac. 

Vorb  containing  examples  of  building  construction  are  numetoos. 

The  following  is  recommended : — 

&w»fcf  of  BuikHng  CmutmcHou,  by  H.  Laxton,  in  four  parts,  folio, 
2/.  lOf.  (London,  1866-62.) 


SUBJECT  III  (ALTERNATIVE)— NAVAL  ARCHITECTURE. 

First  Stags  or  Elimrntart  Coursr. 

Gudidates  for  the  dementarr  course  will  be  required  to  possess  sufll- 
Mit  knowledge  of  practical  snip-building,  to  apply  the  various  ma- 
used  for  that  purpose  to  the  greatest  advantage.  Also  to  be  able 
to  make  sketches,  to  scue,  of  the  component  parts  of  a  ship's  hull. 

Srcond  Staor  or  Aovancro  Courbr. 

Omdidates  for  the  more  advanced  course  will,  in  addition  to  that 
dffeeted  for  the  elementarj  course,  be  required  to  midce  detail  and 
working  drawings,  showing  a  knowledge  of  the  methods  of  combining 
tiie  seroal  parts  of  a  ship's  hull.  Also  to  possess  a  knowledge  of  laying 
off  on  the  mould  loft  floor. 

Examination  vor  Honoxtrs. 

The  honours  examination  will  embrace  questions  relating  to  the 
calculation  of  displacement,  in  addition  to  that  prescribed  for  the  pre- 
ceding courses ;  and  the  candidates  will  be  required  to  make  a  drawing 
at  home,  compriung  sheer,  half-breadth  and  body  plans,  firom  data 
which  will  be  fumis£Bd. 
Neatness  and  accuracy  in  drawing  will  be  insisted  on. 

The  following  works  will  comprise  all  that  the  teachers  will  require  as 
text  books,  via. : — 
Rmdiments  qf  Naoal  Architecture,  by  James  Peake  (Weale's  Series), 
12mo.,  3t.  (London,  Weale,  1851.) 

SkMmidmg  in  Iron  and  Steel,  by  £.  J.  Reed,  8vo.,  30$. 

(London,  Murray,  1868.) 
Directions  for  Laying-qf  Shipi,  by  J.  Finoham,  8vo.,  25s. 

(London,  Whittaker,  1840.) 
OuiUne  of  Shtpbtdlding,  by  J.  Fincham,  8vo.,  3U.  Sd. 

^  ^  (London,  Whittaker,  1863.) 

SkmbmUinff,  Tkeoreiieal  and  Pruotical,  edited  by  W.  J.  M.  Rankme. 
folio,  Sis.  (London,  Mackenzie,  18o6.) 

Digitized  by  GoOglC 


54 


SUBJECT  IV.^MATHEMATICS. 

This  subject  is  divided  into  seven  stages.  The  examination  in  stages 
1,  2,  and  3  is  taken  on  one  evening ;  in  stages  4  and  6  on  another ;  uid 
in  stages  6  and  7  on  a  third. 

A  student  may  in  any  one  year  come  up  on  all  three  evenings,  but  he 
may  only  take  up  one  stage  on  each  evenii^g.  The  manner  in  which 
the>Mib4ect  has  been  divided  undtsr  the  several  stages  has  been  Uigely 
dictated  by  the  requirements  of  the  system  of  the  Department  as 
iKBspects  payments  on  results  and  nusthod  of  examination.  The  se- 
quence of  the  stages  is  therefore  not  to  be  considered  strictly  as  a 
guide  to  the  student's  reading.  There  is  no  reason,  for  instance,  why 
a  student  should  not  read  the  portion  of  the  subject  given  under 
stage  4  at  the  same  time  or  before  that  given  under  stage  3. 

N.B. — Suficient  questions  will  always  be  given  in  the  early  portions 
of  '6ach  stage  to  enable  a  student  with  a  thorough  knowledge  of  them 
by  good  answering  to  obtain  a  second  class. 

First.  Stage. 

1.  Arithmetic  generalfy, — The  performance  of  numerical  ealculali^KM 
with  accuracy  and  lucid  arrangement,  and  explanation  of  the 
reasons  of  processes  of  a  simple  kind,  may  be  demanded.  Ibis 
branch  is  mentioned  not  so  much  as  a  separate  subject,  but 
because  wherever  examples  are  given  which  involve  nvmbers,  the 
complete  solution  in  fibres  shoidd  be  given :  that  it  may  be 
ascertained  by  the  examiner  that  the  candidate  can  from  formulip 
in  symbols  deduce  useful  numerical  results. 
Decimal  fractions  in  all  cases  to  be  shown  (not  vulgar  fractions). 

H,  Qeometnf. — ^The  properties  of  lines,  triangles,  rectilinear  figure^,  as 
far  as  tiiey  are  treated  in  the  let  Book  of  fiudid. 

Hie  examination  questions  in  this  subject  will  generally  be  set 
in  the  words  of  ^imson's  Euclid,  but  any  logical  proof  of  a  pro- 
posed theorem,  or  accurate  solution  of  a  problem,  will  receive  fall 
credit  if  it  be  clearly  evident  that  the  candidate  has  apprehended 
the  course  of  reasonmg  which  preceded  the  proposition.  Candi- 
dates should  endeavour  to  draw  good  figures,  ana  should  as  much 
as  possible  keep  the  demonstration  on  the  same  page  with  the 
figure. 

3.  Algebra, — Definitions.  Shnple  .roles.  Greatest  common  measure 
and  least  common  multiple.  Indices.  Involution  and  Evolution. 
Simple  equations  and  problems  producing  them.  Fractions. 


Second  Stage. 

All  the  preceding  subjects,  with  these  additions  s — 

1.  Oeometrvi-^The  relations  of  rectangles  and  squares  to  one  another, 
and  tiie  properties  of  the  circle,  as  fiur  as  they  are  treated  in  the  2nd 
and  3rd  booics  of  Eudid. 

As  before  defined,  answers  to  questions  on  this  part  of  GeometiT 
may  be  ffiven  on  an^  system  which  ihe  student  may  have  fblkmeo, 
providea  the  reasoning  be  dear  and  accurate. 
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Ai^ebra, — Quadratic  equations  and  problems  producing  them.  The 
general  properties  of  the' trinomial  of  the  sedond  degree.  Ratio. 
Proportion. 

3.  Plane  Driffonomefry. — ^Definitions.  Modes  of  measuring  angles,  by 
degrees,  grades,  and  circular  measure.  Thegoniometric  functions, 
and  the  conversion  of  one  into  another.  The  meaning  of  contra- 
riety of  flig  ns  in  trigonometry.  Tracing  of  the  goniometric  functions 
in  magnitude  and  algebraic  sign  through  the  four  quadrants 
and  when  an  angle  is  indefinitely  increased.  The  arithmetical 
Taluea  of  the  goniometric  functions  of  30°,  46°,  60°,  76°,  90°,  &c. 

Formulse  for  multiplication  and  division  of  angles :  sine,  cosine, 
tangent,  &c.,  of  (A±  B),  2A,  3A,     andg-.  Also  of  ^  and  B  in 

*  *  •  ,  .  ,  A  +  B  ,  A^B 
tenns  of  smes  and  cosmea  of  -  2  ^  * 

iMoriilms. — Definition.  Midtiplication,  Divwion,  Involntion 
and  Evolution  by  logs.  The  use  of  logarithmic  tables.  Tables  of 
proportional  parts  for  numbers  and  angles.  Modulus.  Con- 
struction of  logaritimiic  tables,  and  of  tables  of  logarithmic  sines, 
cosines,  &c. 

7WaiMr2es.-^Fonnulsefor  cosine  of  an  angle  of  atriaDffleinterms 
of  its  sides.  The  relation  between  sines  of  angles  and  the  opposite 
sides ;  sine,  cosine,  tangent,  ko^  of  half  an  angle  of  a  triangle  in 
terms  of  sides,  and  of  the  sine  of  an  angle.  Area  of  a  triangle. 
Solution  of  triangles.  Diameters  of  cii^s- inscribed  in  and  car* 
comacribed  about  a  given  triangle.  Areas  of  regular  polygons 
inscribed  in  and  circumscribed  about  a  given  drde.  Area  of  a 
drde.  Description  and  use  of  vernier  and  theodolite  and,  sextant. 
Heights  and  distances  of  inaccessible  objects. 


Third  Stack. 
'  AH  the  preceding  subjects,  with  these  additions : — 

h  Alg^a. —  Permutations  and  Combinations.  Progressions.  The 
Binomial  theorem.  Complete  theoiy  of  indices.  The  Binomial 
theorem  with  an^  index.  The  multinomial  and  exponential  theo- 
rems. Indeterminate  equations.  Method  of  indeterminate  co- 
efficients for  expansion  of  series  and  resolution  of  fractions. .  Scales 
of  notation.  Logarithms  and  logarithmic  series.  Continued 
fractions.  S^es. 

2.  FUme  TVigonometry, 

Demoivre's  theorem  for  any  index.  To  express  the  sine, 
ooane,  and  tangent  of  the  smn  of  any  number  of  angles  in 
terms  of  the  sines,  cosines,  and  tangents  of  the  simple  angles.  To 
express  the  sine,  cosine,  and  tangent  of  a  multiple  angle  in  terms 
of  tiie  powers  of  the  sine,  cosine,  and  tangent  of  the  an^le.  To 
express  the  powers  of  sine,  cosine,  and  tangent  of  an  angle  m  terms 
of  tiie  sines,  cosines,  &c.  of  the  multiple  angle.  Expressions  for 
sine,  cosine,  and  tangent  of  an  angle  m  terms  of  the  angle.  The 
exponentisi  expressions  for  the  sine,  cosine,  and  tangent  of  an 
angle,  and  resulting  series.  Solution  of  quadratic  and  cubic 
equations  by  trigonometry.   Trigonometric  series. 

Or  a  student  may,  m  place  of  the  preceding  analytical  ttyo- 
nametry,  take  up  the  eiementt  of  spherical  trigonometry.  Questions 
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will  be  given  in  both  suijeets,  bui  in  this  stage  the  student  wiU  not 
be  required  to  answer  questions  in  both  to  obtain  full  marks. 

Spherical  Triponometry. 

Definitions  of  great  and  small  drdes,  angles,  and  sidea  of 
spherical  triangles.  Relations  between  the  angles  and  aides  of 
supplemental  triangles.  The  fundamental  relations  between  the 
trigonomeirical  ratios  of  the  angles  and  sides  of  every  spherical 
triangle.  Solution  of  right-angled,  quadrantal,  and  other  sphe- 
rical triangles.  The  radii  of  Sieir  inscribed  and  circumacnbed 
circles.   The  analogies  of  Napier  and  the  formulae  of  Gauss. 

Honours. 

In  the  subjects  of  the  three  preceding  stages  of  elementtuymathematios 
the  principal  theorems  and  their  applications  are  indicated.  A  wdl 
prepared  student  will  know  of  extensions  of  these  theorems,  and  their 
employment  in  the  solution  of  problems :  to  enable  him  to  show  enlarged 
reading  there  will  be  set  on  the  same  evening  a  paper  headed,  Kxamina* 
tion  for  Honours. 

The  subjects  being  the  same,  there  will  be  proposed  in  this  paper  ques- 
tions which  will  be  chiefly  problems  or  theorems  of  the  more  difficult 
kind  in  each  part.  In  ugebra,  the  examples  given  will  require  more 
familiarity  with  fdgebraic  transformations  and  include  the  doctrine 
of  infinite  series  with  extended  use  of  the  binomial  and  its  depen- 
dent theorems.  Properties  of  numbers.  In  geometry,  the  questions  wiU 
chiefly  be  problems,  or  may  require  the  aid  of  trigonometry  as  weU  as 
pure  geometry  for  their  complete  answer:  in  tngonomeirv,  besidea 
questions  which  will  exercise  the  student's  ingenuity  ana  test  his 
nmiUarity  with  principles,  the  subject  of  angles  greater  than  two  right 
angles,  and  the  relations  between  trigonometric  ratios  and  all  the  angles 
which  they  indicate,  will  be  induded ;  trigonometric  eliminations  and 
transformations  and  the  application  of  algebra  to  geomefary  most  be 
familiar.  Construction  of  the  Trigonometric  Tables.  F'onnnlae  of 
Verification.  Proportional  parts,  ana  the  calculation  of  logarithms  of 
trigonometric  ratios  by  series.  The  properties  of  regular  polyhedrons 
treated  by  spherical  trigonometry.  (Anal^idcal  geome£y  or  the  equationa 
of  the  line  and  circle  will  not  be  required,  but  diiefly  the  algebraic 
representation  of  geometrical  ratios.) 

The  books  in  timich  elementaiy  mathematics  may  be  studied  are  too 
numerous  to  be  mentioned,  but  as  specimens  of  good  and  trustworthy 
treatises,  which  may  be  used  with  advantage  bv  candidates  who  have 
little  or  no  assistance,  the  following  works  by  Mr.  Todhunter  may  be 
.recommended : — 

Algebra  for  Beginners,  18mo.,  2s,  6d, 

(London,  Macmillan,  new  ed.,  1867.) 

Algebra  for  the  use  of  Colleges  and  Schools,  8vo.,  7s.  6d. 
[_  (London,  Macmillan,  4th  ed.,  1866.) 

r'  Trigonometry  for  Beginners,  18mo.,  2s,  6d, 

(London,  Macmillan,  1866.) 

Elements  of  Euclid,  18mo.,  3*.  &d, 

(London,  Macmillan,  new  ed.,  1864.) 
Plane  Trigonometry.  8vo.,  6*.  (London,  Macmillan,  2nd  ed.,  1861.) 
Spherical  Trigonometry,   8vo.,  4s.  6d. 

(London,  Macmillan,  2nd  ed.,  1863.) 
More  advanced  students  may  study  with  advantage : — 
Wood's  Elements  of  Algebra,  by  T.  Lund,  8vo.,  12*.  6d. 

(London,  Longman,  new  ed*,  1861.) 
ivhidi  contains  an  abundant  supply  of  examples  in  Algebra. 
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Also,— 

Arithmetic  and  Algebra,  by  Barnard  Smithy  8vo.,  10«.  6</. 

(London,  Macmillan,  7tb  ed.,  1860.) 

may  be  found  usefnl. 


Fourth  Stage. 

Plane  Geometry, — Ratio  and  proportion.  The  similitude  of  figures. 
Proportional  division  of  straight  lines.  The  inscription  of  regular 
polygons  in  circles. 

N.B.— A  knowledge  of  the  4th  and  6th  Books  of  Euclid's 
Elements,  supplemented  by  clear  notions  of  the  ratio  and  pro- 
portionalifcy  of  commensurable,  as  well  as  of  incommensurable 
magnitudesy  will  suffice.  Correct  demonstrationB,  however,  derived 
horn  any  other  source  will  be  acoepted. 
Solid  Geometry. — ^The  properties  of  stnight  lines  and  planes  in  space ; 
*  their  intersections,  inclinations,  parallelism,  perpendicularity,  &c. 

Trihedral  and  polyhedral  angles.  Prisms,  pyramids,  and  poly- 
hedrons; their  definitions,  plane  sections,  similitude,  &c.;  their 
quadrature  and  cubature. 

Elementary  properties  of  the  sphere,  and  of  cylinders  and  cones 
with  circular  bases ;  their  plane  sections,  tangent  planes,  surfkces, 
and  Yohuaes. 

Descriptive  Geom^ry, — Representation  of  points,  straight  lines,  and 
planes,  by  projections  and  traces  on  two  orthogonal  planes.  The  use 
of  aujjliaiy  projections  and  rabatments.  Gnuphic  solutions  of  pro- 
blems concerning  straight  lines  and  planes;  their  intersections,  incli- 
nations, &c.  Changes  of  the  planes  of  projection.  Problems  on 
trihedral  angles. 

Geometrical  Comes, — Properties  of  the  paraboll^  ellipse,  and  hyperbola 
deduced  by  pure  geometry  from  demiitions  in  piano. 


Fifth  Stage. 

The  preoeeding  subjects  mentioned  in  stage  4,  together  with  the 
following : — 

Deser^tice  Geometry. — Problems  concerning  spheres,  cylinders,  cones, 
and  simpler  surfaces  of  revolution ;  their  intersections  by  straight 
lines,  by  planes,  and  by  one  another ;  their  tangent  planes  and 
normals,  &c. 

Spherical  T^onometry, — Definitions.  Great  and  small  circles.  Angles 
and  sides  of  spherical  triangles.  Relations  between  the  angles  and 
sides  of  supplemental  triangles.  The  fundamental  relations  oetween 
the  trigonometrical  ratios  of  the  angles  and  sides  of  every  spherical 
triangle.  Solution  of  right-angled,  quadrantal,  and  other  spherical 
triangles.  The  radii  of  their  in-  and  circumscribed  circles.  The 
analogies  of  Napier  and  the  formulae  of  Gauss. 

Co-^ardkiate  Creometfy. — Rectangular,  oblique,  and  polar  co-ordinates 
a  point,  and  transformations  from  one  system  of  such  co-ordinates 
to  another. 

Equations  of  straight  lines,  and  the  treatment  of  questions 
relative  to  their  intersection,  concurrence,  inclination,  parallelism, 
perpendicularity,  Ac, 

Equations  of  circles,  their  tangents,  and  normals.  Elementary 
properties  of  poles  and  polars  relative  to  the  circle.  Questions 
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concendng  the  intersectioa  of  circles,  and  the  determination  of 
circles  which  atkHsfy  ^ven  conditions* 

The  simpler  forms  of  the  equations  of  the  parabola,  ellipse, 
and  hyperbola,  as  dej;ermined  m>m  various  damutiona  of  those 
curves.  The  equations  of  their  tangents  and  normals.  The  prin- 
cipal properties  of  their  diameters,  axes,  foci,  conjugate  diameters, 
asymptotes,  poles,  and  polars. 

Discussion  of  the  general  equation  of  the  second  degree  referred 
to  oblique  or  to  rectangular  co-ordinate  axes. 
CthorcUnate  Geometry  qf  three  Dimensions. — Co-ordinates  of  a  point 
referred  to  oblique  or  to  rectangular  co-ordinate  axes.  Dirsotion- 
angles  of  straight  lines.  Inclination  of  two  straight  lines.  Locus  of 
points  whose  oo-ordinates  satisfy  a  given  equa^n,  or  two  given 
equations.  Equations  of  planes  and  of  straight  lines.  Detsmiini- 
tion  of  their  inclinationsi  and  of  the  conditions  of  their  panUelism 
and  perpendicularity.  Treatment  of  questions  concerning  itnight 
lines  and  planes. 

Honours. 

In  the  examination  for  honours,  questions  wiU  be  proposed  whose 
treatment  requires  a  more  extended  knowledge  of  the  foregoing  sobjects, 
and  an  acquaintance  with  more  general  me&ods  of  investigation.  In 
pure  geometry,  for  instance,  some  knowledge  of  harmonic^  as  weU  ss  of 
anharmonic  ratios,  of  the  generation  of  conies  b^  homographio  rows  of 
points  and  pencils  of  lines,  and  of  the  desoriptive  properties  of  these 
curves  as  thus  deduced  will  be  desirable.  In  oo^rdmate  geometry, 
again,  opportunities  will  be  given  of  exhibiting  a  knowledge  of  the  use 
of  abridged  methods  of  notation,  of  homogeneous  point-coK>rdinates  and 
line-co-ordinates,  and  of  the  modes  of  investigating  theteby  some  of  the 
simpler  properties  and  singularities  of  hi|[her  plane  curves* 

tn  co-oroinate  geometry  of  three  dunensiona  a  knowledge  of  the 
classification  and  fundamental  properties  of  surfaces  of  the  second 
order  will  be  demanded. 


Amongst  the  works  on  the  subjects  of  the  4th  and  6th  stages 
which  may  be  read  with  advantage,  the  following  may  be  cited:— 
Dr.  Woolley^s  Elements  of  Descriptive  Geometry;  Todhunter's  Sphmical 
Trigonometry;  Geometrical  Comes  by  Drew,  Taylor,  or  Besant;  Dr. 
Salmon's  Treatises  on  Conies  and  on  Higher  Plane  Curves ;  Townacnd's 
or  Mulcahy's  Modem  Geometry;  Frost  and  Wolitenholme's 
Geometry. 


Sixth  Stagis. 

Diferential  Ca/ctt/ttf.--.DefiDition8.  Limits.  Diflferential  eoeffidents 
Differentiation  of  simple  functions,  of  inverse  fttnctions.  Successire 
differ^tiation  of  functions  of  one  variable.  Taylor^s  and  Mac 
laurin's  Theorems  and  theur  simpler  applioations.  Determination 
of  values  of  functions  when  indeterminate  in  form.  Diffeivntiation 
of  a  function  of  a  function  and  of  implicit  functions.  Maxima  and 
minima  of  functions  of  one  independent  variable. 

Applications  of  the  preceding  to  the  geome^  of  plane  carves 
referred  to  rectangular  or  to  polar  co-ordinates.  Tangents,  normals, 
snb-tangents,  sub-normals,  aiiymptotes.    Multiple  and  mngular 
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points.  Contact  and  oorvatuve.  Traoing  of  curvet.  Differential 
coefficients  of  arcs  and  areas  of  plane  curves^  and  of  the  surfaces 
and  yolomefl  of  solids  of  revolution. 
Imtegni  Calculus. — Meaning  of  definite  and  indefinite  intmation. 
Integration  of  the  more  fTe(|uentl7  occurring  functions.  Integra- 
tion by  parts.    Rational  fractions.   FormulsB  of  reduction. 

Applications  to  the  rectification  and  quadrature  of  plane  curves 
referred  to  rectangular  and  polar  oo-ordinates,  as  well  as  to  the 
quadrature  of  surmces  of  revolution. 

Seventh  Stags. 

Difereutial  Calculus, — In  addition  to  the  sulgeots  of  the  sixth  8tage> 
the  following  Differentiation  of  functions  of  two  or  more  inde- 
pendent variables.  Lagrange's  and  Laplace's  Hbeorems.  Change 
of  independent  variables.  Expansion  of  functions  of  more  than 
one  independent  variable.  Maxima  and  minima  of  such  functions. 
Elimination  of  ftmctaons. 

Geometrical  applications  of  the  calculus.  Involutes  and  evolutet 
of  plane  curves.  Envelopes  of  curves  and  surfaces.  Tangent  planes 
ana  normals  to  siirfaoes.  Tangents  and  normal  planes  to  ourvis 
of  double  curvature.  Differential  coefficients  of  the  arcs  of  such 
curves,  as  well  as  of  the  surfiu^es  and  volumes  of  solids. 

Integral  Calculus. — Double  and  triple  integrals.  Applications  of  the 
calcolus  to  the  quadrature  of  curved  surfiices  and  the  cubatnre  of 
solids.  Change  of  variables  in  a  multiple  integral.  Definite  inte- 
grals; their  differentiation  and  simpler  properties.  Definitions 
and  elementary  properties  of  elliptic  integraos  and  elliptic  factions. 
Eolerian  inte^vls.   Gamma  functions. 

Diferential  Equations. — Their  nature,  origin,  and  classification.  Inte- 
grable  forms  of  differential  equations  of  first  order  and  de^e. 
Jnte^ting  fiictors.  Riccati's  equation.  The  methods  of  mte- 
ffratmg  differential  equations  of  wrut  order,  but  not  of  first  degree. 
Linear  differential  equations.  Integration  of  them  by  svmbolical 
methods  when  the  coefficients  are  constant.  Singular  solutions  of 
differential  equations.  Ordinary  differential  equations  with  more 
than  two  variables.  Simultaneous  diffierential  equations.  The 
nature  and  origin  of  partial  differential  equations.  Integration  of 
the  simpler  forms. 
Geometrical  applications  to  the  theory  of  curved  surfaces. 

Calculus  of  Finite  Vifferences. — Nature  and  object  of  the  calculus. 
Definitions  of  its  symbols  and  terminology.  Differences  of  elemen- 
taiy  functions.  Expansion  by  factorials.  Meaning  of  generating 
functions.  Relations  between  successive  values  and  differences. 
Differences  of  zero.  Meaning  of  integration.  Easy  applications  of 
the  calculus  to  interpolation  and  the  summation  of  series. 


Honours. 

In  the  examinations  for  Honours,  the  range  of  suljjects  will  be  almost 
the  same ;  but  tlie  questions  proposed  will  be  of  a  higher  order  of  diA- 
tdtf.  A  more  extended  knowledge  of  the  applications  of  the  calculus 
to  the  theoiy  cf  surfisces  will  also  demanded. 
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The  following  works  may  be  read  with  advantage 

Dr.  Salmon's  Analytic  Geometry  of  three  Dimensions. 
Boole's  'IVeatises  on  Differential  Equations  and  on  Finite  Diffbrenoes. 
Todhunter's  TVeatises  on  the  Differential,  and  on  the  Int^ral 
t)alculu8. 


SUBJECT  VI.— THEORETICAL  MECHANICS. 

First  Stagk  or  Elementary  Course. 

The  student  who  takes  up  this  course  is  expected  to  give  clear  and 
full  statements  of  the  principles  of  the.  science,  and  to  show  that  he 
understands  them  by  answering  easy  questions  on  their  applications. 
These  questions  will  not  demand  for  their  solution  a  knowledge  of 
mathematics  beyond  the  elements  of  algebra,  mensuration,  and  geo- 
metrical constructions  by  scales  and  compasses.  The  fonnal  proof  of 
theorems  will  not  be  required  except  in  the  cases  specified  below 

A. — Statics, 

(1.)  The  composition  and  resolution  of  forces  and  the  conditions  of  their 
equilibrium,  viz.,  the  parallelogram,  triangle,  and  p<^gon  of 
forces.  Parallel  forces.  Equivalence  of  two  couples.  Composi- 
tion of  a  couple  and  a  force.   The  principle  of  moments. 

(2.)  Physical  properties  of  solids ;  hardness,  elasticity,  tenacity. 

(3.)  Centre  of  gravity.  Its  position  in  the  case  of  a  straight  line,  paral- 
lelogram, circle,  triangle,  sphere,  pyramid,  and  cone,  of  uniform 
density ;  and  in  the  case  of  sevenJ  neavy  points. 

(4.)  Reaction  of  a  fixed  point  or  fulcrum.  Equilibrium  of  a  body 
capable  of  turning  round  a  fixed  point ;  levers ;  the  balance,  and 
its  sensibility ;  the  steel-yard. 

(5.)  Transmission  of  force  through  a  rigid  body  and  through  a  perfectly 
flexible  thread.  The  single  pulley.  Simpler  combinations  of 
pulleys. 

(6.)  Reaction  of  smooth  and  rough  surfaces ;  the  limiting  angle  of  re- 
sistance, or  angle  of  repose ;  the  coefficient  of  friction ;  the  laws 
of  friction. 

(7.)  Conditions  of  equilibrium  of  a  bodv  resting  under  the  action  of 
forces  on  a  plane  whether  smooth  or  rough,  horizontal  or  in- 
clined; equilibrium  of  a  wall  sustaining  an  oblique  thrust; 
buttresses. 

(8.)  Stable  and  unstable  equilibrium. 

(9.)  Unit  of  work,  and  horse  power ;  simple  questions  as  to  the  working 
power  of  agents ;  the  modulus  of  a  machine. 

B. — Dynamics. 

(I.)  Measure  of  time,  distance  and  velocity — uniform  or  variable.  The 
accelerative  effect  of  a  constant  force,  and  particularly  tiiat  of 
gravity.  Relations  between  space,  velocity  and  time  in  the  case 
of  the  rectilinear  motion  of  bodies  whose  velocities  are  unifcamly 
accelerated.    Composition  of  velocities. 

(2.)  Definitions  of  mass,  momentum,  moving  force  and  of  vis  viva, 
energy  or  accumulated  work.  The  laws  of  motion.  The  abso- 
lute unit  of  force. 
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(3.)  Rectilinear  motion  of  a  body  under  the  action  of  given  forces; 
Atwood's  machine ;  motion  on  an  inclined  plane,  and  in  a  circle ; 
oentrifdgal  force ;  time  of  small  oscillation  of  a  simple  pendulum. 
Centre  of  osciUation  of  an  oscillatin|i^  body. 

(4.)  Impulsive  forces ;  velocity  after  direct  impact  of  spheres ;  trans- 
formation (or  loss)  of  accumulated  work  m  collision. 

C. — Hydrostatics  and  Pneumatics. 

(1.)  Law  of  transmission  of  pressure  through  a  fluid;  pressure  of  a  fluid 
against  a  plane  area ;  the  centre  of  pressure ;  equilibrium  of  a 
reservoir  wall. 

(2.)  Pressure  of  a  fluid  on  a  body  wholly  or  ]partly  immersed.  Specific 
gravil^  of  a  solid  or  liquid ;  and  the  sunnier  cases  of  its  deter- 
mination. Conditions  of  equilibrium  of  a  floating  body.  The 
metacentre.    Conditions  of  stability  of  a  floating  body. 

(3.)  Experiments  which  show  that  air  is  an  elastic  fluid ;  the  Magdeburg 
hemispheres ;  the  cistern  barometer ;  Boyle's  experiment.  Rela- 
tion between  pressure,  temperature,  and  volume  of  a  gas. 

(4.)  Well  known  machines  and  the  principles  of  their  construction ;  the 
hydraulic  press;  the  specific  gravity  balance;  the  hydrometer; 
Nicholson's  hydrometer;  the  specific  gravity  bottle;  the  ordinary 
suction  and  forcing  pumps ;  the  syphon ;  the  air  pump. 

The  student  should  be  able,  if  required,  to  prove : — 

(a.)  The  rule  for  determining  the  magnitude  of  the  resultant  of  two 
intersecting  forces,  assuming  the  rule  for  its  direction. 

(6.)  The  rule  for  determining  the  resultant  of  two  parallel  forces. 

(c.)  That  the  sum  of  the  moments  of  two  intersecting  forces  with  refer- 
ence to  any  point  in  their  plane,  equals  the  moment  of  their 
resultant  with  respect  to  the  same  point. 

(d.)  That  two  couples  acting  in  the  same  plane  will  be  in  equilibrium  if  • 
their  moments  are  equal  and  of  contrary  signs. 

(e.)  The  rule  for  finding  the  centre  of  gravity  of  a  triangle* 

(/.)  The  formulae  for  uniformly  aoclerated  rectilinear  motion,  viz.  :^ 

Of.)  The  formula  for  the  vis  viva  of,  or  work  accumulated  in  a  moving 
body,  via.,  i  mv^  or  -^g- 

{h.)  That  the  pressure  of  a  fluid  on  a  body  wholly  or  partly  immersed 
equals  the  weight  of  the  fluid  displaced,  and  acts  vertically 
upward  through  the  centre  of  gravity  of  the  immersed  part  of  the 
body  supposed  of  uniform  density. 

Second  Stags  or  Advanced  Course. 

The  student  who  takes  up  the  second  or  advanced  course  is  expected 
to  he  able  to  prove  tiie  fundamental  theorems  of  mechanics,  so  far  as 
the  snliject  is  included  in  the  dementary  course,  and  to  work  somewhat 
harder  examples ;  thus  : — In  the  elementary  examination  he  might  be 
asked  to  expuin  what  is  meant  by  "  centrifugal  force,"  and  to  work  an 

easy  example  on  the  formula  F  =  ^  ;  in  the  advanced  examination  he 

might  be  asked  to  prove  this  formula  as  well  as  to  work  a  somewhat 
harder  example.  He  is  also  expected  to  pursue  the  subject  into  some 
of  its  leading  developments. 

Digitized  by  Google 


62 


(1.)  Proof  and  appUeationd  of  the  equations  of  equilibriiun  isi  fofeaa 
acting  in  one  plane. 

(2.)  Conditions  of  equilibrium  of  simple  machines  when  the  iiiction  of 
the  paris  is  taken  into  account.  Inclined  plane,  wedge,  screw, 
pulleys,  bodies  capable  of  turning  round  an  axle  of  finite  zadiu8« 

(3.)  The  prmciple  of  virtual  velocitiee  and  its  application  to  machines 
in  a  state  of  uniform  motion.  Dynamometers. 

(4.)  Motion  on  rough  inclined  and  horizontal  planes.  Motion  of  pro- 
jectiles. 

(5.)  Moment  of  ineriw.  Effective  forces.  D'Alemberf  s  prindple. 
Resultant  of  effective  forces  and  work  accumulated  in  the  case  of 
a  body  turning  round  a  fixed  line.  The  fly  wheel.  The  com- 
pound pendulum. 

(6.)  Oblique  impact.    Centre  of  percussion*   The  ballistic  pendulum. 

7.  )  Calcmation  of  heights  by  barometer.   The  aneroid  barometer. 

8.  )  Motion  of  fluids  through  orifices,  pipes,  and  open  channels. 

9.  )  Capillary  attraction. 

The  following  books  are  recommended  for  study;  but  it  wiD,  of 
course,  be  undmtood  that  all  are  not  needed  by  any  one  student. 

Elementary  DreoHse  on  Meehanics,hj  Wm.  Whewell,  8vo.,  9s. 

(London,  Whittaker,  1847.) 
Mechanics  for  Beffinners,  by  I.  Todhunter,  18mo.,  45.  6d. 

(London,  Macmillao,  18670 
Elementary  Introduction  to  Practical  Mechanics,  by  J.  F.  Twiaden, 
8vo.,  lOs.  6d.  (London,  Longman,  1867.) 

Manual  of  Hydrostatics,  by  J.  A.  Galbraith  and  S.  Haugnton,  12mo., 
25.  (London,  Longman.) 

Elementary  Hydro»tatics,hj  W.  H.  Besant,  12mo.,  45. 

(London,  Bell  and  Daldy,  1867.) 
Elementary  Course  of  Mathematics,  by  Harvey  Goodwin,  8vo.,  16^. 

(London,  Bell  and  Daldy,  6th  ed.,  1866.) 
An  Introduction  to  the  study  of  Natural  Philosophy,  by  C.  Brooke, 
12mo.,  125.  Sd.  (London,  Churchill,  6th  ed.,  1867  ) 

Ganot's  Experimental  and  Applied  Physics,  translated  hj  £.  Atkinson, 
8vo.,  165.  (London,  Longman,  2nd  ed.,  1867.) 


Examination  for  Honours. 

The  detaDs  of  the  course  for  this  examination  need  not  be  speeifled, 
but  it  must  be  understood  that  the  student  should  be  prepared  to  answer 
Questions  on  every  branch  of  the  subject  as  usually  taught  iu  the  higher 
classes  in  colleges.  In  addition  to  the  careful  studv  of  the  usual  text- 
books, such  as  Todhunter's  Analytical  Statics,  Routh's  or  GrifiBn's 
Dynamics,  Besant's  or  Miller's  Hydrostatics,  the  student  will  find  it  veiy 
useful  to  study  some  work  in  which  the  subject  is  treated  from  a  some- 
what less  exclusively  mathematical  point  of  view^  such  as  the  first  19 
^aptersof  Jamin's  Conrs  de  Physique,  Morin's  Notions  fandamentaks  is 
M4e»noHe,  the  first  division  of  Thomson  and  Taif  s  Natural  Phtkh 
Sophy,  «c.  The  applications  of  abstract  mechanics  to  Questions  of 
construction,  ftc.  can  be  studied  in  Moseley's  Mechanical  Principles  ef 
Engineering  and  Architecture,  and  in  Rankine's  Applied  Mechanics.  It 
must  be  borne  in  mind  that  the  study  of  the  higher  branches  of 
meehanies  can  only  be  attempted  with  profit  when  it  is  pteoeded  by  s 
tiietough  knowledge  of  the  elements  $  of  so  much,  iPor  inslaiiee,  as  is 
comprised  in  the  first  and  second  courses. 
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ParticolAis  of  the  text-books  required  for  tlus  ogur^e  Me  given  below. 

Anahftical  Statics  with  numerous  examples,  by  I.  Todbunter^  8vo., 
lOi.  6d.  (London,  Macmillan,  drd  ed.,  1866.) 

Dyfumies  qf  a  System  of  Bigid  Bodies,  by  E.  J.  Routh,  8to.,  lOs,  6d. 

(London,  Maomillan,  1860.) 
TreoHoe  om  the  MoHtm  of  a  Bigid  Body,  by  W.  N.  Griffin,  8vo.,6«. 

(London,  Pwker  and  Son,  1847.) 
Treeiiee  em  Hydro  Msehmdes,  by  W.  H.  Beaant,  8vo.,  10«.  6d. 

(London,  BeU  and  Daldr,  2nd  ed.,  1868.) 
Blemeuts  of  HydrostaHes  and  Hydrodynamios,  by  W.  H.  Miller,  8to., 
6ff.  (Cambridge,  Deigbton,  4tb  ed.,  1850.) 

Meekameal  Primeiples  of  Engineerinff  and  Arekiteoture,  by  H.  Mosel^, 
8to.,  24s»  (London,  Longman,  1855.) 

Memel    Applied  Meehanies,  by  W.  J.  M.  Rankine,  Ids.  6d. 

(London,  Griffin,  4th  ed.,  186S.) 


Gmrs  de  Physique  de  PEeole  Polyteehnique,  par  J.  Jamin,  $  vols., 
8vo.,  li.  Ss.  6d.  (Paris,  Mallet-Baohelier,  2nd  ed.,  186(^.) 

Learns  de  Mieamfue  pratique.  Notions  fondamentales  de  M^canique  et 
iomUes  d*exp&tence,  par  A.  Morin,  5  plates,  8to.,  6s.  6d, 

(Puns,  Hachette,  ^d  ed.,  1860.) 


SUBJECT  VII.— MECHANICS  AS  AN  ART  OR  APPLIED 
MECHANICS. 

Hie  subject  of  applied  mechanios  is  considered  as  embracing  generally 
the  srt  of  fiwhioniiig  materials  into  various  definite  forms,  and  of  ar- 
laDjgiog  these  definite  forms  under  such  combinations  that  on  the  applio 
cation  of  force  a  certain  and  invariable  result  will  be  obtained,  including 
also  the  adaptation  of  fcarms  and  materials  so  that  they  afford  the 
maximum  resistance  with  the  minimum  of  quantity. 

Hiis  syUabus  is  arranged  for  three  classes  of  candidates ;  the  first  is 
elementscy  in  its  character,  aud  may  be  considered  as  a  stepping-stone 
to  the  second  or  more  advanced  class }  it  is  intended  for  the  guidance 
o£  the  first  or  elementary  class  of  candidates,  who  will  be  expected  to 
have  a  fait  knowledge  of  most  of  the  branches  enumerated,  and  to  be 
able  to  give  a  precise  and  satisfactory  answer  on  any  of  them,  or  to 
make  dear*  wdl-drawn  hand  sketches  where  such  may  be  necessary  fbr 
ezdanation. 

The  second  part  is  intended  for  those  in  the  more  advanced  dass,  who 
will  be  ^peoted  to  have  a  thorough  knowledge  of  all  the  subjects  re- 
fieired  to  in  the  syllabus  for  the  elementary  dass,  and,  in  admtion,  to 
have  a  fair  understanding  of  the  application  of  the  prin^les  in  actual 
piaetiee. 

Hie  third  part  is  intended  for  candidates  coming  forward  for  "  Honours 
examination,"  who  will  be  expected  to  have  a  complete  knowledge  of 
the  qusations  referred  to  in  the  two  former  parts  of  tne  svUabus,  and,  in 
addition,  to  have  some  acquaintance  with  the  higher  tneoretioal  prin* 
eiples  tiiat  are  required  for  the  dose  investigation  of  the  foregoing  of 
sMse  practical  part  of  the  sulject. 

As  the  diief  objeet  of  these  examinations  is  to  foster  the  edncalion  of 
young  men  for  toe  praotioal  duties  of  life  in  connexion  with  the  engi- 
neering and  manufacturing  industries  of  the  kingdom,  it  is  intended 
t)Mt  aSo  eMBnyiatiop  in  applied  mechanics  shall  be  in  accordance  there* 
with  90  far  as  may  be  practicable. 

Digitized  byGoOglC 


64 


First  Stags  or  Elbmbntary  Coursb. 

Candidates  in  the  first  sta^e  will  req|uire  to  know  the  more  pro- 
minent properties  of  materials  used  m  the  mechanical  arts;  tiie 
different  natures  of  wood  that  sre  in  co^imon  use ;  the  leading  chanc- 
teristics  of  cast  iron,  wrought  iron,  and  steel;  copper,  tin,  and  zinc; 
hrass,  gun  metal,  munts  metal,  and  other  similar  compounds  used  in 
machinery ;  leather,  gutta-percha,  and  vulcanised  india-rubber,  as  ebi- 
plofed  for  mill  bands  or  pump  purposes. 

The  (general  principles  on  which  various  materials  are  made  into  form, 
bj  casting,  forging,  compressing,  drawing,  cutting,  &c. ;  the  purposes 
for  which  different  materials  are  commonly  employed  and  the  reasons 
which  determine  their  selection ;  the  modes  of  uniting  and  oambininffthe 
several  parts  of  structures  by  screw  bolts,  rivets,  keys,  cotters,  weqjes, 
soldering,  &c. 

The  general  principles  of  mechanical  work ;  units  of  work  as  distin- 
guished from  other  units ;  unit  of  a  horse  power ;  the  calculation  of 
mechanical  work ;  work  of  living  agents,  wind,  water  and  steam,  neg- 
lecting friction  or  other  conditions. 

The  principle  and  construction  of  simple  machines  by  the  combina- 
tion of  several  parts ;  levers,  pulleys,  wheel  and  axle,  inclined  planes, 
the  wedge,  screws.  Likewise  tne  more  complex  machines  that  are  in 
common  and  extensive  use ;  cranes  that  are  worked  by  hand ;  the  work- 
uig  headstock  of  a  common  turning  lathe ;  the  cornmill ;  the  time 
movement  of  an  ordinary  clock,  &c. 

The  more  common  methods  of  transmitting  motion  by  simple  ele- 
mentary parts  or  apparatus  in  extensive  use ;  toothed  wheels  considered 
as  spur,  bevil,  mitre,  worm,  mangle,  and  eccentric;  friction  wheels,  re- 
volving shafts,  couplings,  bearings,  drums,  mill  bands,  fast  and  loose 
pullevs,  conical  pulleys  for  altering  the  rate  of  motion,  clutches  (forked 
and  mctional) ;  eccentric  motion,  camb  motion,  crank  motion,  reversing 
motion,  intermittent  motions;  the  pendulum,  nature  of  a  governor, 
cylinder  and  piston,  slide  valve,  stuffing  box,  gland,  fly  whm,  safety 
valve,  and  other  similar  details. 

Expenditure  of  work  through  the  agency  of  machines ;  effect  of  re- 
ducing or  increasing  velocity;  loss  arising  from  friction.  Calculating 
the  power  of  simple  machines,  cranes,  pulleys,  screws,  and  their  relative 
conmtions  in  regard  to  friction ;  their  applicability  for  different  purposes. 

General  properties  of  fluid  pressure,  water  pressure  in  tanks  and  on  flood 
gates ;  weight  of  water ;  water  power ;  power  required  to  raise  wat«r ;  the 
principle  of  water  forcing  pumps  and  the  Bramah  press ;  hydraulic  pressure, 
accumulator,  pressure  gauge,  air  pressure,  weight  of  air,  elasticity  of  air, 
air  pump,  barometer,  aneroid,  vacuum,  vacuum  gauge,  syphon,  ana  divinj^ 
bell ;  action  of  the  common  household  pump ;  condensation  of  air ;  the  air 
gun ;  the  balloon  principle ;  effect  of  air  pressure  as  regards  sensible  tempe- 
rature, and  contrary  efifect  when  liberated ;  Smith's  bellows  principle,  m 
action  uf  a  blowing  fan ;  principle  on  which  chimneys  produce  a  cunent 
of  air;  the  blast  pipe  of  locomotives ;  quantity  of  air  required  to  produce 
the  perfect  combustion  of  fuel. 

Three  conditions  of  ice,  water,  and  steam;  sensible  and  latent  heat; 
the  several  properties  of  steam  taken  advantage  of  in  steam  engines; 
action  of  steemi  in  cylinder  of  steam  engine ;  expansion  of  bodies  by 
heat ;  the  thermometer ;  heat  conducting  power  bodies ;  ^e  advan- 
tage of  covering  steam  pipes  and  cylinders  with  felt  and  other  sub- 
stances ;  principle  of  heating  buildings  by  steam ;  water  heating  appa- 
ratus ;  difference  between  the  evaporation  of  salt  and  freoh  water. 

Manufacturing  as  compared  with  making;  principle  of  production  by 
taking  the  pattern  or  figure  from  a  copy ;  printing,  coining,  turning,  and 
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planing ;  smiths*  swages,  and  founders*  patterns ;  conditions  of  a  straight 
e^geand  of  a  true  surface;  the  true  spmdle  of  a  lathe ;  principles  of  an 
instrument  for  cutting,  its  penetration  and  strength.  The  action  of  the 
ponoh,  file,  saw,  and  grinding  stone.  The  eflPect  produced  by  plunging 
red  hot  steel  into  cold  water ;  nature  of  tempering  steel. 

Strength  of  cast  iron,  wrought  iron,  and  steel  in  regard  to  tenacity 
and  compressibilty.  Strength  of  a  simple  wooden  beam  under  different 
eonditions  of  support ;  supported  at  the  ends  and  loaded  in  the  middle ; 
uniformly  loaded.  Nature  of  a  neutral  axis  in  beams ;  strength  of  beam 
as  affected  by  length,  depth,  and  thickness.  Advantage  of  making  cast- 
iron  pillars  hollow.  Relative  strength  of  chains  to  diameter  of  m)n  out 
of  whidi  they  are  made. 

Sbcono  Stage  or  Advanced  Course. 

Candidates  in  the  ^econd  stage  require  a  general  knowledge  of  the 
different  lands  of  timber  used  in  the  arts,  including  strength  and  special 
properties ;  the  several  metals  employed  in  engineering,  their  nature, 
peparation,  and  special  properties,  including  tenacity,  compressibility, 
haraness,  brittleness,  ^  density,  malleability,  ductility,  elasticity,  weight, 
specific  weight,  &c. 

General  principles  of  the  art  of  founding ;  construction  of  patterns ; 
essential  conditions  of  a  mould  for  the  reception  of  liquid  metal,  &c. 
Chilled  castings  and  malleable  castings.  Principles  of  smithing  or  forg* 
ing;  nature  of  welding;  production  of  form  by  welding,  upsetting, 
drawing  down,  punching,  and  bending.  Steel  management ;  temper  of 
steel  for  different  purposes ;  effect  of  cooling  in  oil,  and  case  hardening. 
Principle  of  rolling  iron,  wire  drawing,  bolt  and  rivet  making.  Shearing 
machines,  steam  hammers,  and  drop  hammers ;  principle  of  the  bolt  and 
nut.  Rivetting  by  hand  and  by  machinery.  Nature  of  soldering ;  the 
essentia]  principles  involved. 

Machines  considered  as  agents  for  changing  power  from  the  unsuit- 
able to  the  required  condition,  not  creating  j)ower.  Nature  of  friction ; 
reduction  of  motion  by  lubricants ;  coefficients  of  friction  of  different 
materials  and  surfiEu:es ;  laws  of  friction  ;  friction  aa  affected  by  the  mode 
of  transmitting  power  tlu-ough  machines ;  a  given  quantity  of  power 
expended  under  any  conditions  of  velocity. 

Lever  principle  applied  in  the  arts ;  beams  of  steam  engines ;  beams 
variously  arranged  as  regards  fulcrum.  Cranes,  crabs,  or  other  machines 
for  lifting  where  power  is  accumulated  by  toothed  wheel  gearing.  The 
friction  of  cranes ;  arrangements  to  avoid  friction ;  friction  of  block  and 
tackle,  ropes,  and  chains. 

Inclined  plane  in  the  arts ;  friction  of  the  inclined  plane,  as  in  the 
key  for  fixing  parts  of  machinery ;  friction  a  virtue.  Power  required  to 
draw  materi^s  up  inclined  planes.  The  screw  as  a  fixing  agent,  and  as 
an  instrument  for  compressmg,  adjusting,  dividing,  and  manipulating. 

Regularity  of  motion  necessary ;  power  irregular,  work  done  irregular. 
Use  of  the  fly  wheel ;  its  power  as  depending  on  weight  and  velocity ; 
efficiency  depending  on  position ;  the  fly  wheel  as  an  agent  for  storing 
power,  as  in  the  rolling  mill  and  panelling  machine ;  fly  wheel  not  in- 
creasing power.  Steam  hammers  :  springs  considered  as  accumulators 
of  power ;  means  for  setting  machinery  in  motion  gradually.  Steam, 
water,  fast  and  loose  pulley ;  efficiency  of  friction  clutches  depending  on 
an  accumulation  of  small  efforts ;  lowering  goods  with  friction  bi«aks 
on  cmncd,  &c.  Machinery  which  is  regular  in  regard  to  time;  theory 
of  the  pendulum  and  the  governor ;  peculiar  construction  of  water-wheel 
goTemors ;  comparison  of  the  governor  with  the  pendulum. 

Machinery  considered  in  relation  to  its  three  essential  parts  of  the 
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receiving  power,  the  so-CBlled  prime  mover«  the  intermediate  pieobmiiw 
for  coQvejin|r  and  modifying,  the  part  which  perfcHms  the  roquir^ 
operation,  xhe  term  "  work  "  as  expresaing  applied  power,  presaare,  or 
distance.  Mode  of  calcukting  the  power  of  diff^nt  lunde  inachinaiy> 
Use  of  dynamometers,  indicators,  &c. 

Machinery  construction ;  strength  with  lightness;  correct  fitting  of 
moving  parts;  principles  that  govern  the  formation  of  teeth  of  wheels. 
Advantage  of  wood  and  metal  working  together ;  velocity  as  depending 
on  relative  diameters ;  advantages  derived  m>m  high  velooitieB ;  oonstnu> 
tion  of  modem  shafting  and  gearinsr  generally,  including  all  deteili.  Beat 
materiiUs  for  bearings,  bow  hard  and  soft;  proportion  of  length  to 
diameter ;  anti-frictional  arrangements ;  broad  surface  advantsffes,  &c 

Conveving  work  or  power,  by  shafting  or  by  endless  bands ;  through  a 
tube  in  the  condition  of  compressed  air,  by  water  or  steam;  convenience 
in  each  case  determininff  selection ;  respective  advantages  of  the  several^ 
methods.  The  leather  oand  as  an  agent ;  its  coefficient  of  friction,  ad-^ 
hesion,  adaptability  for  changing  velocity,  and  efficiency  as  dependmig  on 
velocity ;  various  adaptations  to  convey  power  in  difEierent  directions. 

The  advanced  candidate  should  have  precise  knowledge  of  the  dif- 
ferent elementary  mechanical  contrivances  for  modifying  motion.  F^m 
fast  to  slow  by  tne  worm  wheel,  and  by  double  and  single  and  Actional 
ratchets.  For  changing  from  rotaiy  into  rectilinear  or  the  reverse,  by 
rack  and  pinion ;  by  the  crank  motion  as  in  steam  engines,  and  the 
opposite,  as  in  slottmg  machines;  by  an  endless  groove  on  cylinder; 
by  screw  with  reversing  motion.  The  mangle  wheel  principle,  and  three 
bevil  wheel  arrangement ;  open  and  crossed  bands,  with  two  fast  and 
two  loose  pulleys.  Contrivances  for  giving  variable  motion,  such  as  the 
leather  wheel  on  disc  surface,  the  various  forms  of  camb  by  which  any 
motion  may  be  obtained,  &c. 

Maehineiy  construction  considered  with  reference  to  form,  proportion 
of  parts,  and  strength  of  parts  as  determined  by  necessity ;  use  of  cast 
iron,  limdted  by  want  of  uniformity  in  cooling,  of  wrought  iron  by  diffi- 
culty of  ^hioning  into  intricate  form,  and  of  bronze  by  cost ;  strength 
of  revolving  parts  inversely  as  motion.  The  lever  principle ;  advantage 
of  fixing  parts  at  both  ends  applied  to  pillars ;  risk  of  fracture  reduce?; 
advantages  derived  from  hollow  framing ;  stiffening  by  ribs ;  compara- 
tive cost  of  both  systems.  Form  of  parts  as  determined  by  tiie  tenacity 
and  compressibility  of  the  materials,  applied  to  beams ;  m  machineiy 
varied  by  other  conditions  causing  inconsistencies  of  proportion;  great 
advantage  of  rigid  framing. 

Strength  of  nollow  cyhnders  not  in  proportion  to  mass ;  cylinder  of 
hydraulic  press,  gun,  &c. ;  each  layer  of  lamina  under  tension  affords 
greatest  strength,  the  practical  difficulties;  system  of  building  up 
cylinders  by  successive  hoops,  put  on  by  pressure  or  by  shrinking,  eacn 
layer  being  under  different  tension. 

The  leading  fundamental  principles  of  pneumatics,  with  nractic^  ap- 
plieations ;  apparatus  for  producing  a  current  of  air;  blowmg  engines, 
and  blowing  apparatus  generally ;  the  frm  principle,  both  in  blowing 
and  exhausting,  with  apj^cations ;  mechanical  ventilation  of  mines  and 
buildings,  as  for  example  in  cotton  mills,  and  in  the  grinding  processes. 

Atmospheric  elasticity  and  its  applications  in  the  post  office  atmos- 
pheric tuoe,  flour  mills,  mines,  atmospheric  railways,  engines  working 
by  compressed  air ;  air  vessels'in  pumpu^  apparatus ;  cartridge^  a^mwl^ 
bag,  and  envelope  machine ;  button  nudsing ;  coal  hewing ;  rock  bonng; 
dessicating  timber. 

The  laws  of  hydrostatics  and  hydraulics,  and  their  applications  ia 
the  arts;  ancient  methods  of  raising  water,  modern  steam  pumpiiy 
machinery;  lifting,  forcing,  plunging,  bucket,  horiaontal,  vertical,  cfSS^ 
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fugal,  9BKW,  8ooop,  wheel,  and  other  pumps ;  water  supply  to  towns ; 
seireiage  pumping  machinery ;  the  syphon  on  a  large  scale ;  Middle 
Lerel  diamage ;  Montgolfier  water  ram.  Difference  of  friction  with 
large  or  smaU  pipes ;  flow  of  water  through  pipes ;  friction  of  mains ; 
ficm  as  affBcfeed  by  rust ;  high-pressure  water  maohinery ;  proyision  for 
non-slastieity ;  working  from  high  reservoir ;  water-pressure  engines ; 
duiaetor  of  pumps ;  Doiler  praring ;  apphoation  to  hydraulio  press, 
oaass,  lifts,  dock  gates,  capstan  and  bridges ;  rocket  manulKture; 
wil9enginesi  &c. 

Wster  as  a  motive  power;  water  wheels  and  water  engineering; 
mskingthe  most  of  fall ;  construction  of  dam,  sluices,  and  canal ;  situation 
for  fkSoty ;  Fairbsim's  water  wheels,  mode  of  transmitting  the  power ; 
rednctioa  of  fHction;  modes  of  ascertaining  the  quantity  of  water 
aviihkble.  Water  power,  nominal  and  actual ;  water  acting  by  impulse 
^d  by  weight;  conditions  determining  greatest  effect;  manipulation 
of  dnice  by  governor ;  water  wheels  coupl^  to  steam  engines,  necessary 
provision ;  treatment  of  tidal  water. 

Gravitation  water-pressure  engines ;  various  systems  of  construction  of 
tmbmes  and  leading  conditions  to  give  best  result ;  inherent  defects, 
for  high  falls  and  for  low  falls ;  comparison  with  water  wheels ;  useful 
effect,  first  cost,  convenience  and  expense  for  repair;  working  in  tail 
water;  advantage  from  high  velocity;  equilibrium. 

Engines  deriving  their  power  fVom  heat,  steam,  hot  air,  and  gas ;  the 
source  of  heat;  the  equivalent  of  work  in  heat ;  loss  of  heat  by  present 
airangements ;  the  heat  contained  in  fuel.  Steam  boilers,  in  stationary, 
marine,  and  locomotive  engines ;  materials  for  construction ;  strength  of 
boilers  for  internal  pressure ;  external  pressure  of  elliptical  or  flat  sur- 
faoes ;  boiler  feeding  br  pumps  and  iz^jeetors ;  prevention  of  incrusta- 
tion; explosion  of  trailers;  general  economy  and  management.  Sta- 
tionary, marine,  locomotive,  condensing,  non-condensing,  and  working 
ezpansivdy  steam  engines  ;  leading  conditions  that  determine  waste  and 
economy ;  the  [»inciple  of  valves,  slide,  equilibrium,  &c. ;  steam  hammer 
c<xistruction. 

Machine  tools  for  wood :  the  principle  of  copying  as  developed  in 
sawing,  plamng,  morticing,  tenoning,  cuiUing,  snaping,  carving,  and 
moulding  gunstocks,  &c.  Machine  tools  for  metid ;  combining  the 
i^^acting  principle  with  that  of  the  sliding  rest ;  shape  or  form  derived 
hf  transfer  from  a  copy  contained  in  the  apparatus;  the  dead  centre 
pfhieiple;  modem  lathes;  machines  for  planing,  slotting,  drifting, 
shaping,  screwing,  wheel  cutting,  rifling,  anddriUing;  advantage  derived 
torn  introduction  of  true  surfSace,  and  correct  measurement  of  parts; 
measuring  madiine ;  principles  which  determine  the  proper  speed  for 
cutting  wood  and  metal;  machines  that  act  more  by  force  than  by 
cutting,  as  the  shearing  and  punching  machines ;  the  principle  of  circu- 
lar riiesrs,  &e.,  various  forms  of  screwing  apparatus ;  advantage  derived 
from  nniform  system  of  screws. 

General  machinery :  hand,  steam,  travelling,  and  portable  cranes ;  der- 
rick and  sheer  legs.  Paper  msnufhcture,  printing,  and  coining.  Textile 
msnu&ctnres;  caning, -spinning,  weaving,  and  sewing.  Measuring. 
Turntables  and  weighing  machines.  Agricultural  nndiinery  and  en- 
gines ;  steam  plongh ;  rei^nng  and  thrashing  machines ;  modern  grinding 
mills;  tnctxm enffines. 

Adaptation  of  form  and  material  for  maximum  resistance;  cast  iron 
and  wrought  iron  beams ;  tubular  girders ;  construction  of  roofs,  timber 
bridges;  suspension  bridges;  iron  pillars.  Construction  of  tanks, 
strength  of  cast-iron  pipes ;  hydraulic  press  cylinders ;  relation  of 
ultimate  stKngth  of  materials  to  limit  of  elasticity  and  safe  working 
load. 
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£xAMINA.TION  FOR  HoMOURS. 

The  foregoing  syllabus  will  suffidently  indicate  the  nature  of  subjects 
that  will  form  the  basis  for  the  Examination  in  Honours  in  Applied 
Mechanics.  It  will  be  ex^iected  however,  that  the  candidate  m  ad- 
dition to  being  able  to  give  an  intelligent  answer  to  the  various 
questions,  and  to  make  hand  sketches  of  such  parts  as  may  be  required, 
shall  be  thoroughly  grounded  in  the  laws  of  nature,  so  far  as  tiiey 
relate  to  the  philosophical  and  mathematical  principles  on  which  the 
various  branches  of  applied  mechanics  are  founded,  and  Uie  candidate 
should  not  only  be  familiar  with  the  formulae,  but  should  be  able  to 
refer  back  to  the  data  from  which  they  are  derived. 

The  following  are  recommended  as  text  books : —  ^ 

The  Elements  of  Mechanism,  by  Thomas  Baker,  8vo.,  2$.  6d. 

(London,  Weale,  3rd  ed.,  186/.) 
Elementary  Introduction  to  Practical  Mechanics,  by  J.  F.  Twisden, 
Svo.,  lOs.  6d,  (London,  Longman,  1867.) 

The  Elements  of  Mecltanism,  by  T.  M.  Goodeve,  8vo.,  6s.  6d, 

(London,  Longman,  2nd  ed.,  1865.) 
Railway  Locomotives,  by  D.  K.  Clark,  2  vol8.,4to.,  70s, 

(Glasgow,  BhM^kie,  1860.) 
Treatise  on  the  Steam  Engine,  by  J.  Bourne,  4to.,  42s, 

(London,  Longman,  dth  ed.,  1861.) 
Railway  Practice,  with  Plans  and  Details,  by  S.  C.  Breeze^  4  vols., 
4to.,  each  52s.  6d,  (London,  Atchlcy,  1848.) 

Camus*  Treatise  on  the  Teeth  of  Wheels,  by  Hawkins,  8vo.,  Ss. 

(London,  Spon,  3rd  ed.,  1868.) 
Elementary  Principles  of  Carpentry,  by  Thos.  Tredgold,  edited  by 
Barlow,  with  53  engravings,  4to.,  21.  2s. 

(London,  Lockwood,  1868.) 
Inquiry  and  Experiments  on  the  Tensile  Strength  of  Wrought  Iron  and 
Steel,  by  D.  Kirkaldy,  8vo.,  IBs. 

(London,  Simpkin,  2nd  ed.,  1866.) 
Useful  Information  for  Engineers,  by  W.  Fairbaim,  3  vols.,  8vo., 
10«.  6d.  each.  (London,  Longman,  1864.) 

Turning  and  Mechanical  Manipulation,  by  C.  Holtzapffel,  3  vols., 
8vo.,  21.  lOs.  (London,  1866.) 

Engineer's  and  Machinist's  Assistant,  2  vols.,  4to.,  4/.  4s. 

(Glasgow,  Blackie,  new  ed.,  1860.) 
Engineer  and  Machinist's  Drawing  Book,  4to.^  21.  2s. 

(Glasgow,  Blackie,  new  ed.,  1868.) 
Useful  Metals  and  their  Alloys,  by  Fairbairn,  Scoffem,  &c.,  8?o., 
7s.  6d.  (London,  Houlston,  4th  ed.,  1866.) 

Moulders'  and  Founders'  Pocket  Guide,  by  F.  Overman,  12mo.,  4s.  6d. 

(Philadelphia,  2nd  ed.,  1866.) 
On  the  Management  of  Steel,  by  G.  £de,  8vo.,  5^. 

(London,  Tweedie,  4th  ed.,  1866.) 

In  addition  all  the  books  bearing  on  this  subject  in  WeaWs  SerieswAj 
be  recommended. 
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SUBJECT  VIII.— ACOUSTICS,  LIGHT  AND  HEAT. 

First  Stage  or  Elementary  Coursr. 
Questions  \nn  be  confined  to  the  followinur  subjects 
Aeomsties. 

The  pupil  ought  to  have  a  perfectly  clear  notion  of  the  manner  in 
which  a  vave  is  propagated. 

He  ought  to  know  what  is  meant  by  the  terms  density  and  elasticity 
as  ^>pli^  to  air  and  other  bodies,  and  how  heat  and  cold  affect  the 
density  and  elastic!^  of  air. 

%  He  ought  to  be  aole  to  describe  simple  experiments  to  prove  that  air 
possesses  both  weight  and  elasticity.  He  ought  to  understand  the  law 
of  Marriottey  the  construction  and  use  of  the  air  pump,  and  what  occurs 
when  a  soundhig  body  is  placed  in  a  space  from  which  the  air  has  been 
inthdrawu. 

He  ought  to  be  taught  to  see  the  play  of  elasticity  in  the  propa- 
gaiion  of  a  sonorous  wave  through  air,  and  to  have  a  clear  mental  image 
of  the  condensation  and  rarefaction  which  make  up  such  a  wave.  He 
must,  of  course,  be  able  to  dlstin^ish  between  the  motion  of  a  wave 
and  tiie  motion  of  the  particles  which  at  any  moment  form  the  wave. 

He  ought  to  know  how  the  velocity  of  a  wave  is  affected  by  a  change 
of  densify,  fay  a  change  of  elasticity,  or  by  a  change  of  both. 

He  ought  to  know  the  velocity  of  sound  in  air  of  the  freezing  tem- 
perature, and  also  the  amount  of  augmentation  of  velocity  for  every 
degree  of  the  tfaermometer.  The  temperature  of  the  air  being  given,  he 
ought  to  be  able  to  calculate  the  velocity  of  sound  through  it,  and  the 
velocity  of  sound  being  given  he  ought  to  be  able  to  calculate  the 
temperature  of  the  air. 

yo  doubt  or  confusion  mnst  rest  within  his  mind  regarding  the 
meaning  of  the  terms  velocity,  intensity,  and  amplitude.  He  ought  also 
to  know  the  relation  of  the  two  last  to  each  other. 

He  ought  to  know  the  laws  of  the  reflection  of  sound  by  tubes  and 
mimrs,  and  to  be  able  to  apply  his  knowledge  to  the  explanation  of 
echoes. 

Tlie  law  of  inverse  squares  as  applied  to  sound,  ought  also  to  be 
explained  to  the  pupil. 

He  ought  to  be  able  to  figure  mentally  the  propagation  of  a  sound- 
wave through  solids  and  liquids  as  clearly  as  through  air;  to  know  the 
velocity  of  sound  through  water,  and  to  be  able  to  infer  from  this  the 
relation  of  the  density  of  the  liquid  to  its  elasticity. 

He  ought  to  know  how  the  velocity  of  sound  through  air  has  been 
determined,  and  to  be  well  exercised  in  the  calculation  of  distances  by 
means  of  light  and  soimd. 

The  pupil  ought  to  know  the  physical  difference  between  music  and 
noise,  and  to  be  able  to  state  the  conditions  on  which  the  pitch  and 
the  intennty  of  musical  sounds  depend.  He  ought  also  to  oe  able  to 
describe  various  methods  of  producing  musical  sounds. 

He  ought  to  have  clear  ideas  of  the  length  of  a  wave,  and  of  the  time 
of  ft  vibration.  The  length  of  a  wave  at  a  definite  temperature  being 
given  he  ou|rht  to  be  able  to  calculate  the  time  of  a  vibration,  and  the 
time  of  a  vibration  being  given  he  ought  to  be  able  to  calculate  the 
length  of  the  wave. 

He  ought  to  be  able  to  describe  a  method  of  determining  from  the 
pitch  of  a  sound  the  number  of  vibrations  per  second  which  produce  it. 
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He  ought  to  know  the  structure  of  the  drum  of  the  ear,  induduig  the 
memhraues  that  close  it,  and  the  hones  that  cross  it. 

He  ought  to  know  the  laws  of  the  vibration  of  strings,  and  to  under- 
stand the  use  of  sound  boards  in  stringed  instruments. 

He  must  have  a  clear  notion  of  the  formation  of  wodet  upon  a  string, 
by  the  coalescence  of  direct  and  reflected  waves. 

He  ought  also  to  know  the  laws  of  vibration  of  columns  of  air  in  both 
stopped  and  open  pipes.  The  exact  condition  of  the  air  when  the  funda- 
mental notes  of  each  class  of  pipes  is  sounded,  ought  to  be  dearlj  present 
in  the  pupil's  mind. 

The  cause  of  beats  in  music  ought  also  to  be  explained  to  the  pupils 
and  he  ought  to  know  the  range  of  the  human  ear  for  musical  sounds. 

Light. 

Before  entering  upon  the  subject  of  light,  the  teacher  will  have  been 
careful  to  midte  his  pupil  perfectly  familiar  with  the  conception  of  waves 
of  sound  impinging  upon  the  tympanic  membrane^  and  the  faansmissioD 
of  the  tremor  thus  produced  to  the  auditory  nerve.  He  need  not  attempt 
to  enter  upon  the  aetails  of  this  transference  to  the  nerve*  but  up  to  tne 
^rmpanio  membrane,  and  indudiuff  it,  the  idea  formed  hj  the  pupil  of 
sound  waves  and  their  action  must  be  perfectlv  distinct.  In  all  cases  an 
image  must  exist  corresponding  to  the  teacher  s  words. 

He  must  understand  that  the  sensation  of  light  is  caused  by  some- 
thing that  hits  the  optic  nerve.  That  this  something,  whatever  it  be, 
passes  through  the  humours  of  the  eye  to  reach  the  nerve  behind.  The 
conception  <^  light  known  as  the  emission  theory  can  afterwards  be 
made  clear  to  the  pupil.  According  to  this  theory  a  ray  of  light  would 
be  a  train  of  these  partides. 

That  a  ray  of  lignt  proceeds  in  a  straight  line  must  be  made  known  to 
the  pupil.  In  oonnection  with  this  point  the  inversion  of  objects  by  rays 
passmg  through  small  apertures  must  be  explained. 

The  mode  of  determining  the  velodty  of  light  by  the  cdipses  of 
Jupiter's  satellites  must  be  explained  to  the  pupu. 

The  law  of  inverse  squares  must  be  iUustrated. 

The  cause  of  shadows  and  penumbras  must  be  explained. 

The  mode  of  determining  the  relative  intensities  of  two  lights  by 
means  of  the    shadow  test "  must  be  explained. 

The  reflection  of  light  from  plane  mirrors  must  be  explained. 

llie  pupil's  attention  must  be  drawn  to  the  lateral  inversion  of  olgeds 
by  plane  mirrors.  He  must  know  how  the  distance  of  an  imsge 
biehmd  a  looking  glass  is  affected  by  a  change  of  position  of  the  glut 
in  a  direction  perpendicular  to  its  own  planes. 

The  relation  between  the  angular  velodty  of  a  reflected  ray  and  the 
mirror  that  reflects  it  must  be  explained  to  the  piipil.  The  multiplica- 
tion of  images  by  angular  mirrors  ought  also  to  be  explained,  and  from 
it  the  appearances  of  the  kaleidoscope  rendered  intelligible. 

The  formation  of  images  by  a  concave  spherical  minor  ought  to  be 
explained  to  the  pupil.  The  axis,  principal  focus,  and  centre  of  the 
mirror  are  to  be  pointed  out.  Beginning  with  a  luminous  point  placed 
beyond  the  centre,  and  upon  the  axis,  the  successive  positions  of  the 
image  of  this  point  during  its  motion  along  the  axis  from  a  great 
distance  through  the  centre  through  the  prindpal  focus,  up  to  the 
surface  of  the  mirror  itself  must  be  determinable  by  the  pupil.  He  will 
then  be  taught  to  determine  the  position  of  the  images  of  points  not 
placed  on  the  axis.  Objects  of  sensible  dimensions,  such  as  the  pupil's 
own  body,  must  then  be  substituted  for  points.  (The  teadier  will  avail 
himself  of  such  simple  apparatus  as  he  can  command  in  the  explanations 
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hmNtendtot  »  nlvar  spooii,  if  he  pomsNs  nothing  better,  will  be 
luefol}. 

Real  mad  virinalfoci  are  to  be  defined. 

Hie    abem^n of  e  Jarge  epherical  mirror  mnet  be  explained. 

The  refraction  of  light  muit  be  es|dained.  B7  meani  of  a  aimple  geo* 
metrieal  oonatniotion  the  meaning  of  the  ^  index  of  refraction  "  may  be 
exniained  to  the  pupil  without  the  introduction  of  the  term  "  sine.*' 

It  must  be  dearly  explained  that  an  object  looked  at  whh  a  tAnfU 
qre  appean  more  near  the  ^[reater  the  diTemnce  is  of  the  ran  which 
leaeh  the  eye  from  the  vanoiu  pointa  of  the  object.  Fran  this  it  irill 
be  inlnrad  that  a  lake  or  river,  the  bottom  of  which  is  Tisible,  appeari 
mere  ahaUow  than  it  really  ia. 

Varioua  shnple,  but  instructive  illustrations  of  the  effects  of  refraction 
will  occur  to  the  teacher,  such,  for  example,  as  the  rendering  of  a  coin 
visiUe  by  pouring  water  into  a  basin,  and  the  apparent  bending  of  a 
straight  stick  thiust  obliquely  into  water. 

The  circumstances  under  which  toM  refltction  occurs  must  be  clearly 
ez^ained  to  the  pupil. 

The  power  and  action  of  lenses  must  be  explained ;  the  teacher  will 
define  the  prmmpal  fbcw  of  a  lens.  As  in  the  case  of  a  spherical 
mirror,  he  will  begin  with  a  luminous  point,  determining  the  position 
and  diaracter  of  its  image,  while  it  moves  from  a  great  distance  up  to 
the  lane  itself.  He  will  pass  from  points  to  objects  of  sensible  dimen- 
sions,  and  show  how  the  position  of  the  image  of  every  point  of  such 
object  may  be  determined. 

Here  also  real  and  virtual  foci  are  to  be  explained. 

The  explanation  of  the  magic  lantern  is  then-to  be  introduced. 

It  would  add  much  to  the  efficiency  of  the  instruction  if  the  teacher 
woold  illustrate  the  points  here  referred  to  by  common  spectacle  lenses, 
provided  he  has  nothing  better. 

The  Dupil  in  the  first  class  is  also  in  a  condition  to  know  what  Is 
meant  by  the  spherical  aberration  of  a  lens. 

He  must  understand  the  optical  structure  of  the  eye,  be  able  to  give 
a  dear  account  of  the  conditions  of  distinct  vision,  and  of  the  causes 
and  remediee  of  long  and  short  right. 

He  ought  to  be  acquainted  with  the  het  that  impresrions  persist 
upon  H&e  retina,  and  to  know  what  is  meant  by  irradiation. 

He  ought  to  know  the  principles  of  binocular  virion,  and  to  clearly 
eompvehend  how  the  impression  of  solidity  is  produced  by  the 
stereoaoope. 

He  ought  to  be  made  acquainted  with  the  comporite  character  of 
whhe  light ;  and  to  be  able  to  describe  an  experiment  by  which  such 
light  may  be  resolved  into  its  coloured  constituents. 

He  ought  to  understand  the  doctrine  of  colours  as  far  as  they  are 
prodnoed  by  absorption. 

And  he  ought  to  understand  the  meaning  of  ekromoHc  aberration. 

F^ally,  it  IS  to  be  stated  to  the  pupil  that  according  to  our  best 
knowlecige  the  sensation  of  light  is  not  produced  by  the  impact  of  little 
pertiolee  darted  out  from  luminous  boaies ;  but  that  it  is  caused  in  a 
manner  somewhat  similar  to  the  sensation  of  sound,  namely,  by  the 
ittcoeesire  shocks  of  minute  waves  against  the  retina. 

Heat, 

The  pupil  should  know  the  general  effect  of  heat  upon  tke  volumes 
of  bodies,  and  should  be  able  to  describe  experiments  illustrative  of  the 
expaDiionof  solids  br  heat.  He  ought  also  to  have  an  idea  of  the  almost 
inenstible  force  of  tnis  expansion. 
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He  ought  to  imdentand  with  perfect  deamess  wliat  is  meant  by  tbe 
coefficient  of  eaqfansion,  linear,  superficial,  and  cubical. 

He  ought  to  know  by  heart  the  coefficients  of  expansion  of  gold, 
silver,  platinum,  iron,  and  glass ;  and  the  reason  wh^  it  is  possible  to 
fuse  platinum  wire  into  glass  without  fracture  on  cooling. 

He  ought  to  know  the  principle  of  Breguet's  metaUic  thermometer, 
and  to  be  made  acquainted  with  some  of  the  precautions  w^ch  changes 
of  volume  by  heat  and  cold  render  necessary  in  the  arts. 

He  ought  to  be  able  to  describe  and  explain  the  ffridiron  pendulum. 

He  must  be  able  to  describe  the  construction  ana  explain  the  use  of 
of  the  mercurial  thermometer ;  the  scales  of  Fahrenheit,  Gelaius,  and 
Reaumur  must  be  known  to  him,  and  he  must  be  able  to  convert  im- 
mediately the  readings  of  an^  one  of  them  into  those  of  the  other. 

The  dependence  of  the  boiling  point  of  water  upon  external  pressure 
ought  to  be  known,  and  the  pupil  must  be  able  to  give  illustrations  of 
this  dependence. 

He  ought  to  know  by  heart  the  coefficients  of  expansion  of  water, 
alcohol,  and  mercury. 

The  pupil  must  be  well  acquainted  with  what  is  called  the  maximum 
density  of  water,  to  state  at  wbat  temperature  it  occurs,  and  to  point  oat 
its  effects  in  nature. 

He  ought  to  be  acquiunted  with  the  change  of  volume  which  occurs 
when  water  passes  from  the  liquid  to  the  solid  state,  and  to  apply  his 
knowledge  to  the  bursting  of  water-pipes  in  frosty  weather.  lie  onu^t 
to  be  acquainted  with  the  fact  that  expansion  on  solidification  is  not  a 
property  peculiar  to  water. 

He  ought  to  be  able  to»  describe  experiments  which  shall  illustn^  the 
expansion  of  gases.  The  principle  and  action  of  the  fire-balloon  ought 
to  be  explained  to  the  pupil. 

The  general  principles  of  ventilation  ought  also  to  be  known  to  him, 
and  also  the  sun's  action  in  the  generation  of  winds.  He  ought  to  be 
able  to  explain  the  Trade  Winds. 

The  constancy  of  the  coefficient  of  expansion  of  gases  ought  to  be 
pointed  out,  with  the  small  deviations  from  the  general  rule  exhibited 
Dv  carbonic  and  sulphurous  acids.  The  chemical  and  physical  character 
of  these  gases  ought  to  be  known  to  the  pupil. 

He  ought  to  know  the  constitution,  chemical  and  physical,  of  aqueous 
vapour,  and  how  it  is  diffused  in  the  atmosphere.  He  ought  to  know 
the  meaning  of  the  term  Boturated  as  applied  to  air  charged  with  vapour. 

The  effect  of  expansion  in  chilling  air  ought  to  be  known  to  the  pupil, 
and  also  the  condensation  of  the  aqueous  vapour  diffused  through  the 
air  in  consequence  of  such  a  chill. 

He  ought  to  be  able  to  see  the  application  of  this  knowledge  to  the 
explanation  of  clouds  and  rain. 

He  ought  to  have  a  perfectly  dear  idea  of  what  is  meant  b^  ^pee^ 
heat  or  capacity  for  heat,  and  to  be  able  to  describe  the  calorimeter  of 
Lavoisier  and  Laplace.  He  ought  to  know  by  heart  the  specific  heats  of 
water,  alcohol,  mercury,  iron,  and  lead ;  and  to  be  made  aware  of  the 
influence  wliicb  the  high  specific  heat  of  water  exercises  upon  climate. 

He  ought  also  to  be  intimately  aoqufunted  with  the  £acts  covered  by 
the  term  latent  heat.  Taking  a  block  of  ice  at  a  temperature  below  the 
freezing  point,  he  ought  to  be  able  to  describe  with  perfect  accuracy  what 
occurs  when  the  temperature  of  the  substance  is  raised  until  it  liquifies, 
boils,  and  is  converted  into  vapour. 

The  latent  heat  of  water,  as  expressed  on  the  Fahrenheit  and  centi- 
grade scales,  ought  to  be  in  the  pupil's  memory. 

The  cold  of  evaporation  and  its  effect  in  freesing  water  in  the  cryopho- 
rus  ought  to  be  known  to  the  pupil. 

Digitized  byGoOglC 


73 


He  ought  to  be  ezerdbed  in  calculations  on  the  changes  of  tempera- 
ture dne  to  the  mixtoie  of  steam  and  water  in  various  proportions. 

The  puuil  ought  to  know  what  is  meant  by  the  condtiefioii  of  heat,  and 
must  be  ahle  clearly  to  distinguish  it  from  the  distribution  of  heat  by 
ctrnveetiom.  He  ought  to  know  by  heart  the  numbers  expressing  the 
rdatire  conductivity  of  ^old,  silver,  copper,  iron,  and  lead. 

He  ought  to  be  aoquamted  with  the  low  power  of  conduction  of  organic 
substances ;  to  know  the  effect  of  mechanioJ  texture  on  the  transmission 
of  heat^  and  to  explain  the  function  of  clothes  in  preserving  the  body 
from  cold. 

He  ought  to  be  acquainted  with  the  character  and  phenomena  of 
combustion ;  to  be  able  to  explain  the  chemical  actions  which  occur  in 
the  combustion  of  coal  and  of  ordinary  gas,  and  to  explain  the  manner 
in  iriiich  a  candle  flame  receives  its  supply  of  combustiole  matter. 

Hie  combustion  of  the  diamond  and  Newton's  prediction  rc<^arding 
it  ought  to  be  known  to  the  pupil.  That  animal  heat  is  due  to  slow 
combustion  ought  also  to  be  maae  known. 

The  structure  of  an  ordinary  gas  flame  ought  to  be  pointed  out, 
and  the  cause  of  the  difference  between  this  flame  and  that  of  a  Bunsen's 
burner  explained. 

The  pupil  must  be  acquainted  with  the  general  phenomena  of  radiant 
heat.  The  similarity  between  the  phenomena  of  radiant  heat  and  those 
of  l^ht,  as  regards  reflection  and  refraction,  ought  to  be  known  to  the 
pumL 

The  different  powers  possessed  by  different  substances  to  radiate  heat 
ought  to  be  pointed  out,  and  this  knowledge  ought  to  be  applied  in 
explaining  the  striking  frtct  that  the  cooling  of  a  vessel  may,  under 
certain  drcmnstances,  be  hastened  by  surrounding  it  with  flannel. 
The  reciprocity  of  radiation  and  absorption  ought  to  be  known  to  the 


He  ought  also  to  know  what  is  meant  by  the  term  diathemumey,  and 
to  be  able  to  point  how  this  property  is  manifested  by  different  bodies. 


Questions  may  be  set  in  all  Subjects  enumerated  under  the  Elementary 
Stage,  and  in  addition  on  the  following  topics : — 


Hie  aecond  course  in  acoustics  includes  an  intimate  knowledge  of 
all  the  subjects  mentioned  in  the  first.  In  addition  to  this  a  knowledge 
of  the  following  subjects  will  be  required : — 

The  augmentation  of  the  velocity  of  propagation  of  a  wave  of  sound 
thraugh  air  by  the  condensation  and  rarefoction  of  the  sound  wave 


Harmonic  tones,  their  generation  and  their  function  in  music. 
Hie  laws  which  regulate  the  transverse  vibrations  of  rods. 
The  vibrations  possible  to  a  tuning  fork,  a  disk,  and  a  bell. 
The  formation  of  Chladni's  figures. 

The  laws  which  regulate  the  longitudinal  vibrations  of  strings  and 
rods.  By  a  comparison  of  the  notes  emitted  by  a  rod  and  a  column  of 
air  the  pupil  ought  to  be  able  to  determine  the  relative  velocities  of 


The  conditions  and  cause  of  resonance  ought  to  be  known  to  the 
pupil. 

He  ought  also  to  know  how  sounds  are  produced  by  the  vocal  organs 
of  man,  and  to  see  clearly  the  similarity  between  such  sounds  and 
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those  of  the  syren.  M  a  case  of  the  same  kind,  the  oonstnietioii  aad 

explanation  of  the  Eolian  harp  ought  also  to  he  known  to  the  pupil* 

He  ought  to  be  well  aoquainted  with  the  principles  of  interfmnoc  as 
applied  to  sound. 

He  ought  to  be  acquainted  with  the  principles  of  hannony,  to  know 
the  ratios  of  the  vibrations  corresponding  to  the  notes  of  the  gamati  to 
be  able  to  ffive  a  clear  account  of  the  bearing  of  interference  upon  the 
question  of  consonance  or  dissonance,  and  to  explain  whv  those  ratios 
which  are  represented  by  small  whole  numbers  oonrespond  to  tho  nest 
perfect  harmony. 

Light. 

The  candidate  in  the  second  course  must  be  intimately  acquainted 
with  all  the  subjects  mentioned  in  the  first. 

He  must  be  able  to  apply  his  knowledge  of  total  reflection  to  the 
explanation  of  the  mirage  of  the  desert. 

He  must  be  able  to  describe  experiments  by  which  white  light  may  be 
produced  by  the  admixture  of  its  constituents. 

He  must  know  what  is  meant  by  achromeUism. 

He  must  be  able  to  give  a  clear  description  of  the  undulaitoiy  theoiy, ' 
and  to  state  how  the  colours  of  the  spectrum  are  accounted  for  by  that 
theory. 

He  must  be  able  to  define  a  ray  of  light  in  accordance  with  the 
undulatory  theory.  ^  . 

He  must  be  able  to  show  how  the  reflection  and  refraction  of  light ' 
occur  according  to  the  undulatory  theory. 

.  He  must  be  able  to  describe  tbe  appearances  presented  when  incan- 
descent metallic  vapours  are  analysed  oj  the  prism.  Especially  most  he 
be  able  to  state  what  occurs  when  a  sodium  flame  is  thus  analvsed. 

He  must  also  be  able  to  state  what  occurs  when  white  ligot  is  tnuB* 
mitted  through  a  sodium  flame,  and  he  must  be  able  to  describe  «n  * 
experiment  which  shall  render  manifest  what  occurs. 

He  must  be  able  to  state  generally  the  relation  that  subsists  between 
radiation  and  absorption  by  gases  and  vapours. 

The  lines  of  Fraunhofer  must  be  known  to  the  pupil,  and  from  this 
knowledge  in  coi^unction  with  the  knowledge  demanded  by  the  foxe- 
going  paragraphs,  he  must  be  able  to  infer  the  probable  eonstitution  of 
vie  sun. 

The  pupil  ought  also  to  know  the  principles  of  interference  as  applied 
to  light. 

He  ought  to  be  able,  in  accordance  with  these  principles,  to  accovat 
for  the  colours  of  thin  plates  and  of  striated  surfiaces. 

The  general  principles  of  diffraction  ought  to  be  known  to  the  pupiL 

He  ought  to  know  what  is  meant  by  plane  polarised  Hght;  to 
describe  the  act  of  polarisation  in  the  language  of  the  undulatory  theoiy. 

He  ought  to  know  what  occurs  when  a  beam  of  light  is  transmitted 
through  a  crystal  of  Iceland  spar;  and  to  describe  the  state  of  tiie 
emergent  light  as  regards  polarisation. 

He  ought  to  be  able  to  describe  the  effects  observed  when  light  is 
transmitted  through  two  plates  of  tourmaline  cut  parallel  to  the  axis  of 
the  crystal. 

He  ought  to  be  able  to  describe  some  form  of  the  polariscope,  and 
to  state  and  explain  by  the  principles  of  interference  what  occurs  when 
a  thin  plate  of  selenite  is  placed  between  the  polariser  and  analyser. 

Heat. 

The  candidate  in  the  second  course  must  be  intimatdy  acquainted 
witii  fill  the  subjects  introduced  into  the  first. 
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Heovgktio  beaUe  to  give  a  olear  statement  of  the  meei^teoHAMry 
of  heat  as  dietiiiguished  from  the  maierkU  theory. 

He. must  know  what  is  meaat  by  the  "  meebamcal  eqniTalent  of  heat/' 
and  hoir  it  hae  been  detennined. 

He  most  know  whait  is  meant  bj  meeiBe  heat  at  constant  volume  and 
at  constant  pressnie,  and  to  have  in  his  memory  the  numerical  latio  at 
thetvospeofie  heats. 

He  onght  to  be  able  not  on^  to  eaq)lam  the  meaning  of  the  differeaoe 
Iwtwttm  the  tvo  apecifio  beats  m  accordance  with  the  mechanical  theoxy, 
bnt  also  to  show  how  from  this  ratio  the  meoliaaical  equivakait  of  heat 
nav  be  detennined. 

Given  the  weight  and  velocity  of  a  moving  body  he  ought  to  be  able 
to  Gskdate  tbe  amount  of  heat  genefated  by  the  stoppage  of  the  motion. 

He  ought  to  be  aUe  to  apply  the  conceptions  of  the  meohanioal  theoiy 
to  ths  phmnswna  of  combustion. 

He  ought  also  to  be  able  to^show  the  bearing  o£  the  theory  upon  the 
phenomena  of  q>ecifio  and  latent  heat. 

Examination  for  Honours. 

The  candidate  for  honours  must  be  intimately  acquainted  with  the 
fvcgoing  two  courses.  He  must  also  show  himself  practically  acquainted, 
wx^  the  apparatus  employed  in  acoustics,  light,  and  heat. 

The  following  are  recommended  as  text  books : — 

JIk  Elmmemis     Naimral  Pkiloiophy,  by  C.  Brooke  and  Qolding  Bird, 
Iteo.,  12t.  6d.  (London,  Churchill,  6th  ed.,  1867.) 

-  Oaao^s  npiiimntal  and  Applied  i'ilysfrs,  translated  by  E.  Atkinson, 
8vo.,  15e.  (London,  Longman,  2nd  ed.,  1867.) 

HasMot^  of  Natural  PhUosophy,  by  D.  Lardner.   4  vols.,  12mo.,  20lf. 

(London,  Walton,  1856.) 
Btementary  Treatiee  en  Heai,  by  Balfour  Stewwt,  12mo.,  7«.  6d. 

(London,  MacnuUan,  1866.) 
Heat  ^  Mode     MUum,  by  J.  Tyndall,  8vo.,  10s.  6d. 

(London,  Longman,  3rd  ed.,  1868.) 
A  Camne  ef  Bight  heehtree  on  Sownd,  by  J.Tfndall,  8vo.,  St. 

(London,  Longman,  1867*) 


SUBJECT  IX.— MAGNETISM  AND  ELECTRICITY. 

First  Stage  or  Elementary  Course. 
iAagwetitM, 

It  is  exceedingly  desirable  that  the  pupil's  ideas  of  the  fundamental 
facts  and  princi^es  of  magnetism  should  be  as  dear  as  our  knowledge 
and  his  capacity  can  make  them. 

He  ooght  to  be  made  acquainted  with  the  action  of  the  natural  magnet 
or  loadstone  on  small  pieces  of  iron.  This  is  to  be  mentioned  to  aim 
as  the  first  ftxX  observed,  but  for  the  expUnation  of  which  other  hiB^A 
are  necessary.  The  action  of  two  natural  magnets  upon  each  other 
ought  to  be  described,  and  through  this  action  a  dear  notion  of  the 
doctrine  of  magnetic  poiarity  ought  to  be  conveyed  to  the  pupil's  mind. 

The  power  of  the  natural  magnet  to  confer  its  own  magnetic  propertiee 
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upon  steel,  and  the  action  of  the  natural  magnet  on  the  steel  which  it 
has  mafj^netised,  ought  to  be  explained. 

The  action  of  two  pieces  of  magnetised  steel  upon  each  other  ought  to 
be  made  clear,  and  from  this  action  the  fundamental  law  that  like  pedes 
lepel  each  other,  and  that  unlike  poles  attract  each  other,  ought  to  be 
deduced. 

The  distribution  of  magnetism  in  a  bar  magnet  ought  to  be  made 
clear.  The  effect  of  breaking  the  magnet  into  two  halves ;  the  effect  of 
again  breaking  these  halves ;  and  through  facts  of  this  nature,  a  dear 
idea  is  to  be  conveyed  that  each  molecule  of  the  magnet  is  itself  a 
ma^et;  the  action  of  the  magnet  as  a  whole  being  the  sum  of  the 
actions  of  its  molecules. 

It  is  of  exceeding  importance  that  the  pupil  should  be  taught  to 
connect  the  facts  of  magnetism  bv  means  of  the  provisional  conception 
known  as  the  theory  of  mafnetie  fluids.  The  teacner  will  assure  himself 
that  a  correct  image  of  this  theory  is  in  the  pupil's  mind.  He  will  at 
the  same  time  be  careful  to  inform  the  pupil  that  the  theory  is  an  image 
merely,  which  enables  him  to  connect  and  classify  his  facts,  and  that  it 
is  not  a  proved  scientific  truth. 

The  theory  is  to  be  applied  in  explaining  the  difference  between  iron 
and  steel  as  regards  their  power  of  accepting  and  retaining  magnetim. 
T^e  term  coercive  force  and  all  that  relates  to  it  will  here  come  under 
review. 

The  theorjr  is  also  to  be  applied  in  explaining  the  first  obser^'ed  facts  oi 
magnetism,  including  in  them,  and  illustrating  bv  them  the  general 
phenomena  of  max^etic  induction,  or  magnetisation  oy  influence.  Every 
student  ought  to  nave  a  dear  image  of  the  state  of  a  piece  of  iron  acted 
on  by  a  magnet,  and  he  ought  to  be  able  to  explain  whv  the  attraction  of 
the  iron  is  a  consequence  of  that  state.  He  ought  dearly  to  see  that 
repulsion  as  wdl  as  attraction  is  at  work,  the  resultant  attraction  being 
the  difference  of  both. 

He  ought  to  understand  that  when  the  attracting  magnet  is  very  dis- 
tant, the  difference  between  attraction  and  repu&ion  is  so  smaU  as 
to  be  imperceptible ;  this  knowledge  will  render  it  easy  for  him  to  com- 
prehend why  the  magnetic  poles  of  the  earth  which  give  directum  to  a 
magnetic  needle  are  incompetent  to  produce  a  motion  of  translation. 

The  pupil  ought  to  know  the  facts  of  terrestrial  magnetism ;  why  it  is 
that  we  consider  the  earth  a  magnet.  It  will  be  possible  to  make  him 
acquainted  with  all  that  is  known  regarding  the  position  of  the  earth's 
miunietic  equator  and  of  the  terrestriid  magnetic  poles. 

The  terms  declination  (variation),  inclination  (dip),  and  magnetic 
intensity,  ought  to  be  explained  to  him. 

Frictional  Electricity, 

Here  also  care  must  be  taken  to  imprint  the  fundamental  facts  and 
principles  clearly  and  firmly  upon  the  pupil's  mind.  It  is  easy  in  the 
case  of  frictional  electridty  to  let  the  pupil  actually  see  some  of  the  facts ; 
and  it  is  exceedingly  desirable  that  he  snould  do  so.  The  same  remark 
applies  to  the  elementary  facts  of  magnetism. 

As  in  the  case  of  magnetism,  the  fact  first  observed,  namdy,  the 
attraction  of  light  bodies  by  rubbed  amber,  must  be  shown  to  need 
other  facts  for  its  explanation. 

The  mode  of  exciting  bodies  by  friction  is  to  be  described ;  the  action 
of  rubbed  and  unrubbed  vitreous  bodies  upon  each  other;  the  action  of 
rubbed  and  unrubbed  resinous  bodies  upon  each  other ;  and  the  action 
of  vitreous  bodies  upon  resinous  bodies,  and  the  reverse,  are  to  be  clearly 
described  and  illnstrated.  From  these  facts  the  law  is  to  be  dedaoed 
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thai  bodies  similaily  eleotadfied  repel,  and  dissimilariy  electrified  attract, 
each  other.  The  pupil  ought  to  know  why  the  terms  vitreous  and 
resinous,  as  appliea  to  electricity,  have  been  abandoned. 

Haying  been  made  acquainted  with  the  elementary  facts  and  princi* 
pies,  the  pupQ  is  to  be  rendered  fioniliar  with  the  provisional  conception 
csQed  the  theory  of  electric  fluids.  As  in  the  case  of  magnetism,  ne  is 
to  understsnd  that  this  theory  is  an  image  merely,  and  not  a  truth. 

He  ought  to  be  made  acquainted,  by  experiments  performed  or 
described,  with  the  qualities  of  insulation  and  conduction.  He  ought  to 
know  the  reason  of  the  old  division  of  bodies  into  electrics  and  non- 
ekctrics,  and  also  the  unsound  character  of  this  classification. 

Clear  definitions  ought  to  be  given  as  to  what  is  to  be  understood  by 
positive  and  what  by  negative  electricity.  The  pupil  must  be  able  to 
determine  the  quality  of  the  electricity  with  wbicn  any  body  is  charged* 

He  most  be  thoroughly  versed  in  the  phenomena  of  electric  induction, 
and  must  be  able  to  apply  the  theory  of  electric  fluids  in  the  explanation 
of  these  phenomena.  In  connexion  with  the  subject  of  electricity  this  is 
tiie  most  important  part  of  the  teacher's  duty,  for  upon  a  knowledge  of 
the  facto  and  principles  of  electric  induction  the  comprehension  of  abiiost 
all  that  foUows  it  depends. 

The  pupil  ought  to  be  able  to  construct,  or  describe  the  construction, 
of  an  elec&ophonis,  and  to  explain  its  action  by  reference  to  the  principles 
of  electric  induction. 

He  ought  to  be  able  to  explain  the  condenser  by  reference  to  the  same 
princi^es. 

He  ought  to  be  able  to  explain  the  charging  and  discharging  of  the 
Levden  jar  by  reference  to  the  same  principles. 

He  ought  to  be  able  to  describe  the  charging  of  the  prime  conductor 
of  an  electric  machine  by  reference  to  the  same  principles. 

The  knowledge  implied  in  the  last  three  questions  embraces  that  of 
the  construction  of  the  condenser,  the  Leyden  jar,  and  the  electric 
machine.  The  first  form  of  the  Leyden  jar  ought  to  be  known  to  the 
pamL 

The  distribution  of  electricity  on  the  surfiekces  of  conductors  is  to  be 


ought  to  be  deduced.  The  pupU.  ought  to  realise  that  in  virtue  of  its 
seff-repelling  character  an  electric  fluid  always  moves  to  the  external 
surfiices  of  bodies.  The  power  of  flames  in  dispersing  electricity  ought 
also  to  be  made  toown  to  the  pupil. 

He  will  now  be  ready  to  understand  the  form  and  theory  of  lightning 
conductors. 

The  physiological,  deflagrating,  and  mechanical  effects  of  the  electric 
discharge  ought  to  be  known  to  the  pupil.  He  ought  also  to  be  able 
to  apply  his  knowledge  to  the  explanation  of  thunder  and  lightning,  and 
of  the  return  shodc. 


The  simplest  combinations  for  the  generation  of  a  voltaic  cuirent 
GUffht  to  be  made  known  to  the  pupil.  The  electric  state  of  the  firee 
ends  of  the  two  metals  immersed  m  the  exciting  liquid  ought  to  be 
described;  he  ought  to  be  taught  to  apply  the  theor^  of  electric  fluids 
to  the  conception  of  two  currents  flowing  in  opposite  directions,  and 
then  the  omission  of  one  of  these  current  as  a  matter  of  convenience 
oaiiht  to  be  made  known. 

It  is  very  important  that  the  pupil  should  have  a  clear  physical 
image  of  the  fundaments!  phenomena  before  his  mind.  As  in  cases 
formeriy  referred  to,  the  teacher  will  be  carefiil  to  explam  that  this 


made  known,  and  from  it  the 


of  points  to  disperse  electricity 


Voltaic  Electrieity. 
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idea  of  a  fluid  flowing  in  a  cturent  is  an  image  merely,  and  not  a  proved 
truth. 

Galvani's  experiment  with  the  legs  of  the  frog  which  he  suspended 
hr  a  copper  hook  on  an  iron  railing  ought  to  be  explained;  and 
also  the  experiment  of  Sulser^  where  the  tongue  is  placed  between  two 
metals. 

The  bearing  of  the  experiment  illustrating  ''the  return  shock"  on 
Galvani's  first  observation  ought  to  be  explained. 

The  idea  of  an  electro-motive  force  separating  the  two  electricities 
and  driving  them  in  opposite  directions  ought  to  be  distinct  in  the 
pupil's  mind. 

He  ought  to  be  made  acquainted  with  the  majnietical  effects  of  tiie 
circuity  with  the  action  of  a  current  upon  iron  mings,  with  its  action 
upon  a  freely  suspended  magnetic  needle.  In  this  latter  action  he  is  to  be 
particularly  well  versed,  so  as  to  be  able  inmiediately  from  the  deflection 
of  the  needle  to  infer  the  direction  of  the  current,  and  from  the  direction 
of  the  current  the  deflection  of  the  needle. 

He  must  know  the  action  of  a  current  upon  a  bar  of  iron  placed  witiim 
a  coil  round  which  a  current  circulates.  He  must  understand  the  magnetic 
properties  both  of  the  coil  and  of  the  bar. 

He  ought  to  be  made  acquainted  with  the  simplest  form  of  the  Aiiilti- 
plying  galvanometer. 

He  ought  to  understand  the  principles  of  the  needle  telegraph. 

Some  of  the  chemical  effects  of  the  current  ought  to  be  made  known 
to  the  i>upil.  He  ought,  for  example,  to  have  a  distinct  notion  of  the 
composition  of  water,  and  an  equally  distinct  notion  of  its  deoompositioQ 
by  the  electric  current. 

Sbcokd  Stags  ob  Advancbd  Coub»x. 
Magnetism. 

The  more  advanced  pupfls  that  undertake  the  second  course  ought  to 
be  intimately  acquainted  with  all  the  subjects  introduced  into  tiie  first. 
The  following  additional  subjects  are  to  be  mastered. 

The  disposition  of  the  so-called  magnetic  curves  round  a  bar  magnet, 
round  two  bar  magnets  with  similar  or  unlike  poles  adjacent  to  each 
other,  and  round  a  horse-shoe  magnet,  must  be  clearly  understood.  The 

gupil  must  know  how  a  short  magnetic  needle,  or  of  a  short  bar  of  iron 
'eely  suspended  acts  in  relation  to  those  lines,  and  he  must  be  able  to 
show  that  the  lines  are  deducible  from  the  doctrine  of  magnetic  polarity 
combined  with  elementary  mechanical  conceptions. 

He  must  be  able  to  figure  mentdlv  the  magnetic  curves  of  the  earth, 
and  to  see  their  relation  to  the  line  of  dip. 

He  must  have  perfectlv  clear  notions  as  to  what  is  meant  by  the 
strength  of  a  magnet.  Ue  must  be  able  to  compare  the  strength  of 
magnets  together,  by  the  method  of  osdUation,  by  the  torsion  balance, 
or  by  the  deflection  of  a  small  magnetic  needle. 

A  knowledge  of  the  principles  and  use  of  tiie  torsion  bahuice  is  qtnte 
essential. 

He  must  know  what  is  meant  by  the  law  of  inverse  squares,  and  be 
able  to  show  how  it  has  been  experimentally  demonstrated. 

The  pujnl  must  be  acquainted  with  the  effect  of  temperstore  tad  of 
percussion  upon  a  magnet. 

He  must  know  the  meaning  of  the  terms  horizontal  intensity,  vertical 
intensity,  and  total  force.  He  ought  also  to  know  what  is  meant  by  the 
variation  of  all  of  those,  that  they  are  different  at  different  parts  of  the 
earth's  surface^  at  different  hours  of  the  day,  at  different  seasons  of  the 
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yme.  To  a  knowMge  of  the  dkimal  and  annual  vanations,  he  ought 
to  add  a  knowledge  of  the  secular  variation. 

FHctional  Electricity. 

The  more  adnuioed  pupil  must  be  intimately  acquainted  with  all  the 
subjecta  introduced  into  the  first  course. 

He  must  understand  the  cascade  atrangement  of  the  Leyden  battery, 
as  contrasted  with  the  ordinary  arrangement. 

He  must  understand  the  application  of  the  torsion  balance  to  the 
meaanrement  of  electric  force. 

He  ofoght  to  be  able  to  think  out  and  describe yarious  new  and  simple 
forma  of  the  condenser  and  the  Leyden  jar. 

He  ought  to  be  able  to  carry  forward  the  idea  of  an  electric  fluid  to 
the  conception  of  a  current  of  such  fluid ;  he  ought  to  be  able  to  describe 
the  chemical  and  magnetical  effects  of  such  a  current.  He  ought  to  be 
able  dearly  to  contrast  those  actions  as  manifested  by  Motional  electricity 
with  tiie  aame  actions  as  manifested  by  voltaic  electricity. 

He  ought  to  be  able  to  describe  the  experimental  arrangements 
neonaaiy  to  the  production  of  primary,  seconduy,  tertiary,  and  currents 
of  higher  order  by  the  discharge  of  the  electric  battery. 

He  must  understand  the  law  of  inverse  squares  as  applied  to  electricity, 
and  dearly  comprehend  its  limitations. 

The  diiumal  variation  of  atmospheric  dectricity  ought  to  be  known  to 
thepupiL 

The  application  of  the  unit  jar  in  the  measurement  of  electric  charges 
ought  to  be  known  to  the  pupil. 

The  terms  quantity  and  Intensity  (or  as  it  is  called  by  some  density) 
as  applied  to  electricitv  ought  to  be  clearly  understood.  The  relation 
of  the  heating  power  of  an  electric  discharge  to  its  quantity  and  inten- 
sity ought  al^  to  be  known  to  the  pupil. 

A 

VoUaie  EleotrieUy. 

The  more  advanced  pupil  must  be  intimatdy  acquainted  with  the 
sulgects  mentioned  in  the  nrst  course. 

To  the  dectro-magnetical  knowledge  there  demanded  he  is  to  add 
the  knowledge  of  determining  the  strength  of  a  current  by  the  deflection 
of  a  magnetic  needle. 

He  ought  dso  to  be  able  to  determine  the  relative  strength  of  two 
currents  Dv  their  chemicd  action. 

He  ought  to  know  how  the  magnetism  of  a  bar  of  iron  augments  in 
intensity  as  the  currents  which  surround  it  augments  in  strength. 

He  ought  to  know  how  the  attraction  of  iron  by  an  dec&o-magnet 
augments  as  the  exciting  current  is  augmented.  In  this  case  he  ought 
to  see  and  be  able  to  describe  the  difference  between  a  piece  of  soft  iron 
and  a  piece  of  exceedingly  hard  ma^^etized  sted. 

He  ought  to  be  acquainted  with  induced  currents,  their  various  modes 
of  generation,  and  their  laws  of  action. 

He  ought  to  be  able  to  explain  the  ordinary  madical  magneto-electric 
coil.  He  ought  also  to  be  able  to  describe  Ruhmkorff's  coil,  and  some 
of  the  effects  obtainable  by  it. 

He  ought  to  be  able  to  sketch  a  current  rererser. 

He  ought  to  understand  the  principles  of  the  astatic  needle. 

He  ought  to  be  able  to  describe  the  phenomena  of  the  extra-current. 

He  ought  to  be  made  acquainted  with  the  mutual  action  of  currents 
upon  ea£  other,  with  the  attractions  and  repulsions  which  are  dependent 
upon  direction. 
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He  ought  to  know  how  a  coil  of  copper  wire  may  he  suspended  so  tiiat 
when  a  current  flows  through  the  wire  it  shall,  like  a  magnetic  needle, 
obey  the  directive  action  ot  the  earth. 

He  ought  to  be  acquainted  with  the  principles  of  electro-plating, 
adding  to  a  knowledge  of  the  decomposition  of  water  a  knowledge  of 
other  decompositions,  by  which  conducting  surfaces  may  be  coated  with 
copper,  silver,  or  gold. 

He  ought  (dso  to  be  made  acquunted  with  the  chemical  actions  that 
occur  within  a  voltaic  cell  when  tne  current  circulates. 

The  arrangement  of  cells  into  batteries  ought  to  be  described.  The 
pupil  ought  to  be  made  acquainted  with  the  pile  of  Volta  and  the 
crown  of  cups.  He  ought  also  to  have  explained,  to  him  the  battery  of 
Grove. 

The  reason  for  employing  two  fluids  in  the  cells  of  this  batteiy  ought 
to  be  explained. 

The  dependence  of  the  heat  generated  on  the  resistance  overcome  by 
the  current  ought  io  be  made  known.  He  ought  to  be  taught  to  fomi 
as  definite  a  conception  as  possible  of  resistance  in  relation  to  electro- 
motive force,  and  to  understand  the  formula  which  expresses  the  relation 
of  heat,  resistance,  and  current  strength. 

He  ought  to  understand  the  theory  of  molecular  currents,  and  to  he 
able  to  apply  this  theory  in  explanation  of  the  phenomena  of  magnetism. 

Examination  for  Honours. 
Magnetism, 

A  candidate  who  enters  the  honours  examination  must  be  intimately 
acquainted  with  the  foregoing  two  courses  in  magnetism.  In  addition 
to  this  he  must  be  able  to  show  that  he  has  a  competent  practical  know- 
ledge of  the  apparatus  employed.  He  must  show  ability  m  densing  and 
executing  experiments,  and  ought  to  be  able  in  the  presence  of  the 
examiner  to  perform  experiments  illustrative  of  any  or  all  of  the  subjects 
introduced  in  the  foregoing  two  courses. 

FHctional  Electricity. 

The  candidate  ought  also  to  know  the  facts  and  principles  of  dia- 
magnetism.  He  ought  also  to  be  able  to  describe  and  explain  ti^e 
deportment  of  crystalline  bodies  between  the  poles  of  a  magnet. 

in  frictional  electricitv,  besides  an  intimate  acquaintance  with  both  of 
the  foregoing  courses,  the  candidate  must  possess  a  competent  practical 
knowledge  of  the  apparatus  employed.  He  must  be  able  to  devise  and 
execute  experiments  in  the  exammers  presence.  He  must  be  intimately 
acauaintea  with  the  experiments  with  a  rotating  mirror  by  which 
Wfieatstone  determined  the  velocity  of  electricity  and  the  duration  of 
the  electric  spark. 

Voltaic  Electricity, 

Besides  being  intimately  acquainted  with  the  two  foregoing  courses, 
the  candidate  must  have  a  practical  acquaintance  with  the  apparatus 
employed  in  voltaic  electricity. 

He  must  be  intimately  acquainted  with  the  laws  of  Ohm  which  express 
the  relation  of  electro*motive  force,  internal  and  external  resistance,  and 
current  strength. 

He  must  be  able  to  apply  the  principles  of  the  dynamical  theoiy  of 
heat  to  the  heat  phenomena  of  the  voltaic  current.  He  must  be  clearly 
informed  as  to  the  manner  in  which  the  heat  is  distributed  within  and 
without  the  batteiy. 
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As  a  text  book,  in  addition  to  the  works  on  Physics  and  NatonJ 
Philosophy  recommended  in  the  Syllabus  of  Subject  Vlll.,  the  follow- 
ing work  on  Electricity  may  be  used : — 

Eleetricity,  by  R.  M.  Ferguson,  12mo.,  Ss.  Sd, 

(Edinburgh,  Chambers,  1866.) 


SUBJECT  X.— INORGANIC  CHEMISTRY. 

First  Stage  or  Elementary  Course. 

.Pupils  presenting  themselves  for  examination  will  be  expected  to 
possess  a  knowledge  of  the  following  subjects : — 

Definition  of  chemistry.  Simple  and  compound  matter.  Different 
modes  of  chemical  action.  Combining  weights.  Volume  weights. 
Rnnciples  of  chemical  nomenclature.  Symbolic  notation.  Graphic 
notation.  Chemical  formulae.  Chemical  equations.  Atomicity  of 
elements.  Simple  and  compound  radicals.  Definition  of  a  compound 
radicaJ.  Classification  of  elements  into  metals  and  non-metals,  info 
chlorous  and  basylous  elements.    Classification  according  to  atomicity. 

French  and  English  s^tems  of  weights  and  measures.  Conversion  of 
English  into  French  weights  and  measures.   The  crith  and  its  uses. 

Hjfdrogen. — Its  preparation  and  properties. 

Ckhrime, — PreDaration  of  chlorine  from  hydrochloric  acid.  Analvda 
and  synthesis  of  nydrochloric  acid.  Properties  and  reactions  of  hyoro- 
chloric  acid. 

Oxygen. — Its  preparation  and  properties.  Allotropic  oxygen  or 
ozone.  Formation  and  reactions  of  water.  Preparation  and  properties 
of  hydroxyl.    Oxides  and  oxacids  of  chlorine. 

Bontn, — ^How  it  occurs  in  nature.  Its  allotropic  modifications.  Boric 
anhydride.    Boric  acids. 

Carbon, — Its  preparation  and  allotropic  forms.  Preparation  and 
properties  of  caroonic  oxide  and  carbonic  anhydride. 

Nitrogen, — Its  preparation  and  properties.  Oxides  and  oxacids  of 
nitrogen.  Compound  of  nitrogen  with  hydrogen.  Ammonia.  Ammo- 
nic  salts. 

Sulphur. — Its  properties  and  allotropic  modifications.  Compounds  of 
sulphur  with  basylous  elements.  Compounds  of  sulphur  with  oxygen 
ana  hydroxyl. 

Second  Stage  or  Advanced  Course. 

In  addition  to  the  above  subjects,  pupils  presenting  themselves  for 
the  advanced  examination  will  be  assumed  to  have  received  instruction 
in  the  following : —  * 

Theory  of  atoms  and  molecules.  Empirical,  rational,  and  constitu- 
tional  formuls.  Absolute,  latent,  and  active  atomicity.  Atomic  and 
molecular  combination. 

Expansion  of  gases  by  heat.  Reduction  of  gaseous  volumes  to  standard 
pressure  and  temperatmre. 

Manufacture  of  hydrochloric,  nitric  and  sulphuric  acids.  Composi- 
tion and  manufacture  of  bleaching  powder.  Theory  of  bleaching. 
Suitability  of  water  for  domestic  purposes.  Causes  of  permanent  and 
temponuy  hardness  in  water. 

Bromine. — Hvdrobromic  a1ad  bromic  acid. 

Iodine. — Hyclriodic,  iodic,  and  periodic  acid. 
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Fhorine, — Hydrofluoric  add. 
'    5t7fC09t.— Silica.   Silicic  add.    Silicic  hjdride.    Names  and  fomnilie 
of  some  of  the  more  important  silicioiis  minerals. 

Phosphorus. —  Phospnoretted  hydrogen.  Adds  and  anhydrides  of 
.phosphoras. 

Arsenic. — Arsenious  and  arsenic  adds.  Arseniuretted  hydrogen. 
Detection  of  arsenic. 

Antimony  and  Bismuth. — ^Preparation  and  properties  of  their  chief 
compounds. 

The  monad  metals,  especially  potassium,  sodium,  and  silver.  Manu- 
facture of  soda-ash. 

The  dyad  metals.  Barium,  strontium,  caldum,  magnedum,  sine, 
cadmium,  mercury,  and  copper. 

The  chief  properties  of  the  following  metals : — Gold,  aluminiom, 
platinum,  leao,  chromium,  manganese,  iron,  cobalt,  and  nickeL 

Composition,  preparation  and  properties  of  the  more  important  com- 
pounds of  these  metals. 

Outline  of  qualitative  analyds.  Reactions  of  the  principal  mineral 
adds  and  bases.  Course  pursued  in  the  application  of  these  reactions  to 
the  ancdysis  of  a  mixture  of  several  adds  and  bases. 

Examination  fob  Honours. 

In  addition  to  the  above,  candidates  are  expected  to  possess  a  know- 
•  ledge  of  the  foUowing  subiects : — 

'Hieoiy  of  normal,  add,  and  basic  salts.  Constitutional  formulie  of 
the  various  acids  of  phosphorus.    Monatomic  and  polyatomic  molecules. 

The  phenomena  oi  combustion. — ^'Hiermal  units.  Absolute  thennsl 
effect,  or  total  amount  of  heat  evolved  by  variQus  kinds  of  fiiel  and 
other  combustibles.  Pyrometric  thermal  effect,  or  intendty  of  heat 
evolved  by  combustibles.  Translation  of  absolute  thermal  eSoct  into 
its  mechanical  equivalent.  Theorgr  of  flame.  Source  of  Ught  in 
luminous  flames.  Spectrum  analysis,  its  prmdples  and  applications. 
Relations  of  specific  heat  to  atomic  weight. 

Tim  law  of  the  diffudon  of  gases.  The  laws  of  electrolysis.  The  pn- 
oessea  used  in  the  quantitative  analysis  of  the  more  commonly  oociuring 
minerals. 

For  preparation  for  examination  in  the  above  i^Uabus,  the  fdliowiag 

works  are  recommended  as  text  books  : — 

Lecture  Notes  for  Chemical  Students,  by  E.  Frankland,  8vo.,  12*. 

(London,  Van  Voorst,  1866.) 
First  Principles  of  Modem  Chemistry,  by  U.  J.  Kay-Shuttlewortb, 
8vo.,  4s.  6d.  (London,  Churchill,  1868.) 

Introduction  to  Modem  Chemistry,  by  A.  W.  Hofmann,  8vo.,  4s,  6d* 

(London,  Walton,  1866.) 
tPirst  Step  in  Chemiitry,  by  R.  Galloway,  12mo.,  &s.  6d. 

(London,  Churchill,  4th  ed.,  1868.) 
Lessons  in  Elementary  Chemistry,  by  H.  E.  Roscpe,  18mo.,  4s.  6eL 

(London,  Maanillan,  new  ed.,  1867') 

'  V&t  the  advanced  course  the  following  may  be  used  in  addition  to  the 
above: — 

Chemistry,  Inorganic  and  Organic,  by  C.  L.  Bloxam,  8vo.,  16*. 

•  (London,  Churchill,  1867.) 
Manual  of  Elementary  Chemistry,  by  G.  Fownes,  12mo.,  12».  6d. 

(London,  Churchill,  9t^  ed.,  1863). 
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BkmetUs  of  Inorganic  Chemistry y  by  W.  A.  Miller,  8vo.,  2\$. 

(Lottdofii,  Longman,  3rd  ed.,  1864.) 
Chmiitryfor  Students,  by  A.  W.  Williamson,  12mo.,  7$.  6d. 

(London,  Maomillan,  1S65.) 
Qutttaiioe  Anatym,  by  R.  Galloway,  8vo.,  65.  6<f. 

(London,  Churchill,  5th  ed.,  1869.) 

Besides  these  works  the  following  are  recommended  for  reading  for 
honours 

Second  Step  in.  Ckemutry,  by  R.  Galloway,  12mo.,  lOs. 

(London,  Churchill,  1863.) 
Chemical  Physiee,  by  W.  A.  Miller,  8fo.,  155. 

(London,  Longman,  4th  ed.,  1867.) 
Dietumary  of  Chemistry,  and  the  Allied  Branches,  by  H.  WaUs,  in  four 
VoJs..  8fo.,  Ist  VoL>  3ls.  6d.,  2nd  Vol.,  26*.,  3rd  Vol.,  3ls.  6d., 
4th  YcL,  24«.  (London,  Longman,  1863-66.) 

Ekmentary  Dre^tise  on  Heat,  by  Balfour  Stewart,  12mo.,  7s.  6d. 

(London,  Macmillan,  1866.) 
Heat  considered  as  a  Mode  of  Motion,  hj  J.  Tync^>        1^-  ^* 

(London,  Longman,  2nd  ed.,  1866.) 


SUBJECT  XI«*-ORGANIC  CHEMISTRY.  , 

First  Stagk  or  Elkmkntary  Coursb. 

Papils  presenting  themselves  for  examination  will  be  expected  to 
possess  a  knowledge  of  the  following  subjects : — 

Definition  of  organic  bodies;  their  ultimate  analysb.  Calculation 
of  empirioal  formulce.  Compound  organic  radicals.  Notation  of  organic 
compounds.    Graphic  and  symbolic  formulae. 

Oryomc  Radicals, — Basylous  or  positive  radicals.  Preparation  and 
properties  of  the  monad  radicals  of  the  methyl  series.  Monad  radicals 
of  tne  vinyl  and  phenyl  series. 

Dyad  basylous  radicals  of  the  ethylene  series.  Preparation  and 
properties  of  ethylene. 

Chlorous  or  negative  radicals.  Cyanogen.  Oxatyl.  Oxalic  acid, 
its  preparation  and  properties. 

Hydrides  of  the  Organic  Radicals. — Methylic  hydride  or  marsh  gas. 
ParuBn.  Benzol.  Cyanic  hydride  or  hydrocyanic  acid.  Oxa^lic 
hydride  or  formic  acid. 

The  Alcohols. — Definition  of  an  alcohol.  Methylic  alcohol.  Ethylic 
or  common  alcohol.    Phenylic  alcohol  or  carbolic  acid. 

T%e  Ethers. —  Definition.  Preparation  and  properties  of  ethylic 
ether. 

The  Haloid  Ethers.— Th&x  constitution.  Preparation  and  properties 
of  etiiylic  chloride  and  iodide. 

Tke  Aldehydes,-^T)mr  nature  and  properties.  Acetic  aldehyde. 
Bcnxoio  aldehyde  or  oil  of  bitter  ahnonds. 

ne  Aeids. — Definition  of  an  organic  add.  Acetic  acid.  Lactic  acid. 
Benzoic  add. 

Ethereal  Salts. — Definition  and  constitution  of  the  ethereal  salts  of 
the  monobasic  acids.  P^paration  and  properties  of  acetic  ether  and 
butyric  ether. 
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Sbcond  Stagb  or  Advanced  Coursb. 

In  addition  to  the  above  subjects,  students  presenting  themselves  for 
this  examination  will  be  assumed  to  be  acquainted  with  the  following : — 

Detennination  of  the  rational  formulae  of  organic  acids  and  bases. 
Graphic  and  symbolic  types  of  organic  compounds.  Reduction  and 
development  of  the  formulse  of  oi^ganic  bodies.  Classification  of 
organic  compounds. 

Organic  nadicals. — Dyad  basylous  radicals  of  the  acetvlene  series. 
Single  and  double  cyanides.  Manufacture  of  prussian  blue  and  of 
oxalic  acid. 

Hydrides  of  the  Organic  Radicals, — Ethylic  and  amylic  hydrides. 
Hy(uides  of  the  radicals  of  the  phenyl  series.   Manufacture  of  coal-ffasi 

The  Alcohols, — Classification,  preparation  and  properties  of  alcohols 
1.  Monacid  alcohols;  methyl  series,  vinyl  series,  abyl  series,  pheny 
series.  2.  Diacid  alcohols  or  glycols ;  ethylic  glycol  and  its  derivatives 
3.  Triacid  alcohols ;  glycerin,  its  preparation  and  properties. 

The  Ethers, — 1.  Ethers  of  the  monacid  alcohols; — ^methylic  ether, 
allelic  ether,  phenylic  ether.  2.  Ethers  of  the  diacid  alcohols ; — ethylenic 
oxide.   3.  Ethers  of  the  triacid  alcohols ; — fflycylic  ether. 

The  Haloid  Ethers. — Haloid  ethers  of  the  monad,  dyad,  and  triad 
positive  radicals.  Methylic  chloride.  Manufacture  of  chloroform. 
£thylenic  bromide. 

'i%e  Aldehydes, ^Formation  and  re-actions  of  the  aldehydes  of  the 
methyl,  vinyl,  and  phenyl  series  of  alcohols. 

The  Acids, — Law  of  basicity  of  organic  acids. 

Monobasic  acids : — Acetic  or  fatty  series.  Acrylic  or  oleic  series. 
Lactic  series.  Pyruvic  series.  Glyoxylic  series.  Benzoic  or  aromatic 
aeries. 

Dibasic  acids : — Succinic  series.  Fumaric  or  aciyloid  series.  Malic 
or  lactoid  series.   Tartaric  or  glyoxyloid  series. 

The  Anhydrides, — Definition  and  constitution  of  the  anhydrides. 
Formation  and  re-actions  of  the  anhydrides  of  monohydric  monobasic 
acids,  dihydrlc  monobasic  acids,  and  of  dihydric  dibasic  acids. 

The  Ketones, — Derivation  and  constitution  of  the  ketones.  Prepara- 
tion and  properties  of  acetone. 

Ethereal  Salts, — Ethereal  salts  of  dibasic  and  tribasic  adds,  and  of 
monacid,  diacid,  and  triacid  alcohols. 

Organic  Compounds  containing  Nitrogen,  Phosphorus,  Arsenic  and 
Antimony. — ^The  more  important  natural  and  artpcial  alkaloids.  Ex- 
traction of  quinine  from  cmchona  bark. 

Organometallic  Bodies, — Definition.  Their  behaviour  and  formation. 
Preparation  and  properties  of  zincic  ethide,  mercuric  ethide  and  stannic 
ethide. 

Examination  for  Honours. 

In  addition  to  the  above,  the  candidate  should  be  well  acquainted 
with  the  following  subjects : — 

Detennination  of  the  specific  gravity  of  gases  and  vapours.  The 
methods  employed  in  the  analysis  of  gaseous  organic  bodies.  Synthesis 
of  organic  compounds.  Determination  of  the  constitutional  formulc  of 
organic  bodies.  Isomerism,  metamerism  and  polymerism  in  oiganio 
bodies. 

Organic  Radicals. — ^Normal,  secondary,  and  tertiary  monad  radicals. 
Isomerism  of  ethylene  and  ethylidene  compounds.  Relations  behreen 
methyl,  oxatyl  and  cyanogen. 
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Hjfdrides  of  the  Oraanie  Radicals. — Relations  of  the  basylous  monad 
ndicilfl  to  their  hTdiioes. 

Tke  Alcohols, — Relations  of  the  normal  monacid  alcohols  to  the 
monad  CLHt.^i  radicals^  the  dyad  C.Hta  radicals,  and  to  the  hydrides 
of  the  C.  Hte-f  1  radicals. 

Secondary  monacid  alcohols.  Isopropylic,  pseudamylic  and  pseudo- 
hmhc  alcohols* 

TertiarT  monacid  alcohols.    Pseudobntvlic  alcohol. 

Normal  and  secondary  alcohols  of  the  phenyl  series. 

Relations  of  glycenn  to  isopropylic  and  allylic  alcohol;  also  to 
flfjcenc,  taiironic,  and  acrylic  acid. 

Other  polyadd  alcohols : — ^Erythrite,  mannite,  glucose. 

Tke  Acids. — ^Difference  between  hydricity  and  basicity  of  adds. 

Noimal,  secondary,  and  tertiary  ntty  adds.  Relations  of  the  fatty 
adds  to  the  GLHte4^i  series  of  radicals,  and  to  the  C.Hai4^|Ho  series  of 
alcohols.  Relations  of  the  fatty  acids  to  each  other;  asorat  of  the 
series. 

Normal,  secondary,  and  define  adds  of  the  acrylic  or  oleic  series. 
Relations  of  the  acrylic  to  the  acetic  series  of  adds. 

Definition  and  classification  of  the  adds  belonging  to  the  lactic  series 
Relations  of  the  lactic  to  the  fatty  and  acrylic  series  of  acids.  Isomerism 
in  the  lactic  series. 

Relations  of  the  pyruyic  series  of  adds  to  the  oxalic  and  lactic  series. 

Relations  of  the  glyozylic  series  of  adds  to  the  glycerin  series  of 
alcohols. 

Constitation  and  classification  of  the  dibasic  adds.  Relations  of  the 
sncdnic  series  of  adds  to  the  lactic  and  acetic  series,  and  to  the  glycols. 

Isomerism  in  the  inmaric  series  of  dibasic  adds. 

Tartaric  or  glyozyloid  series  of  dibasic  adds.  Varieties  of  tartaric 
add. 

Constitution  and  classification  of  the  tribasic  adds. 

Tke  Ketones, — Isomerism  in  the  ketone  family. 

Orpaaic  Compounds  containing  Nitrogen,  Phosphorus,  Arsenic,  and 
Antimony, — ^The  amines,  phosphines,  arsines,  and  stibines.  Primary^ 
secondary,  and  tertiary  organic  bases.  Monamines,  diamines,  triamines, 
and  tetramines. 

OrganometaUic  Bodies, — Their  constitution  and  its  bearing  upon  the 
doctrines  of  atomicity. 

In  addition  to  such  of  the  works  as  treat  on  Organic  Chemistry 
recommended  in  the  Syllabus  of  Subject  X.,  the  student's  attention  is 
drawn  to  the  following : — 

Elements  of  Organic  Chemistry,  by  W.  A.  Miller,  8yo.,  24s. 

(London,  Longman,  drd  ed.«  1866.) 


SUBJECT  XII.— GEOLOGY. 

FiBST  Stage  ob  Elementaby  Coubse. 

tin  ■ffraUmlnary  Bubjeeta. 

a.  Baas  of  Geology. — Definition  of  the  objects  of  geology.  Waste  of 
land  now  going  on  by  mechanical  causes, — ^rain,  running  water,  frost, 
snow,  gladers,  and  by  the  sea.  Or^^  of  rounded  pebbles,  ^ndns  of 
sand,  and  mud.  Se&nents  carried  in  mechanical  suspension  m  riyers. 
Depontion  of  strata  now  forming  in  the  sea  and  in  lakes  from  sediments 
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foniMd  mebbamcaUr.  Otber  stvata  ibrmed  m  Mit  or  oafcin^ 

remains,  and  how  they  are  preserved.  Proof  tnafc  stradfied  locks  gene- 
tally  weie  lenrmed  by  depositioii  from  water,  aa  aborer  Aod  that  tlnte 
have  been  successively  deposited  and  axe  of  ages  less  or  moM  Apart. 
Definition  of  the  term  igneous  as  applied  to  rocks* 

6.  Common  Oeolopicai  /eniw.-«-DeamtiQn  of  crust  of  the  earth,"  day, 
sand,  ^vel,  shale,  sandstone,  conglomerate,  breccia,  hmeatone^  Un, 
volcanic  ashes,  stratum  or  bed,  a  formaUon,  group  of  fonuationa^  Re- 
cent, Cainozoic  (tertiary),  Mesoaoie  (seoondai^)>  ana  Pabeosoic  fonnatsons. 
Horizontal,  indined,  vertiml  strata.-  Anticlinal  and  •  synclinal  oorves. 
Contorted  strata,  dip,  strike,  outcrop,  a  basin.  Conformable  and  «n* 
conformable  stratification,  joint,  slaty  deavage,  fkiilt,  lode,  vein.  Nnnes 
of  some  of  the  metamorphic  rodu. 

c.  Compoaition  of  prtnapal  roeks  and  their  eomman  mimermls, — 
Minerals  that  form  granites  and  granitic  rodu;  Syenites,  IKontet 
(greenstonea).  Basalts,  Dolerite,  gneissic  rocks,  Ikaestones.  Coal,  whid 
originally  formed  from.    Colouring  matter  of  rocks. 

a.  Dimnt$gratUm  and  Solutions,  —  Disinte^tion,  and  aolaiiaiis  of 
minerals  composing  rocks  by  means  of  acids ; -mineral  springs,  aad 
substances  in  chemical  solution  in  rivers,  lakes,  and  the  wbsl  How 
produced* 

e.  Snow  and  Ice, — How  glaciers  are  formed  from  snow.  Movensmir  of 
giaours  and  transport  of  matter  on  their  auriaoes.  M ononas.  BbmSou 
of  rockSf  over  which  glaciers  flow.  Icebergs,  whence  derived.  Trans- 
port of  matter  from  cold  to  warmer  latitudes  by  icebergs. 

/.  Rivers, — Cutting  out  of  terraces  and  veilejfs  by  riven.  .  Traoaport 
of  material  seaward,  and  gradual  growth  of  Deltas. 

g.  Marine  Denudation,  Transpert  and  Consolidation  of  MaierM  and 
FossUitation, — ^Waste  of  sea  coasts  br  breakers  Imd  by  hdp  of  landali]M. 
Rounding  of  pebbles  and  grains  of  sand  on  shores  and  in  streaau*. 
The  efiPect  of  lonir  continue  (1  marine  denudation  on  the  land ;  fbnnBtiim 
of  bays  and  head-lands,  &c.  Distribution  of  sediments  derived  from  land 
(nww  sea  bottoms,  forming  modem  marine  strata.  GonsoHdatwn  of  dmte 
by  pressure,  chemical  changes  and  heat.  Preservation  of  sheiOsi  ftc,  is 
seas,  lakes,  and  delta  deposits,  in  alluvium,  and  in  and  under  pest»  hkm 
sand,  and  volcanic  ashes. 

A.  Central  Heat,  Voleanos,  Earikquakes,  and  other  MaoensenU  .of  the 
Earth's  Crust, — ^The  connexion  of  the  corals  reefii  of  the  Psoifie  Ooeaa 
with  the  gradual  sinking  of  the  sea  bottom.  Fringing  reefs,  banier  • 
reeft,  atolls.  Volcanos  and  their  connexion  with  some  areas  of  up* 
heaval  of  land  above  the  sea.  Raised  beaches  and  sea  bottoms.  Toe 
structure  of  volcanos.  The  wave-Uke  motion  of  earthquakes.  General 
structure  of  mountain  chains.  The  existence  of  so-called  central  lwat*in 
theeaKh.  Change  of  common  strata,  such  as  shsle  and  slate,  sand* 
stone,  limestone,  &c.,  into  mica- schist,  gneiss,  quartz  rock,  crystalline 
limestone,  &c.  (metamorphism}. 

B. — Claasifloation  of  Animal  and  Vcf  etnblc  Idfb. 

t.  A  rudimentary  acquaintance  vnth.  the  ^neaning  of  the  names  of 
those  CLASS  BS  of  animals  and  plants  that  are  or  may  be  found  foesil, 
such  as  Mammalia,  Aves  (birds),  Reptili&„  Pisces  (fish),  Insecta,  Myiia* 
poda  (centipeds,  &c.),  Arachnida  (spiders,  &c.)*  Crustacea  (crabs,  iceX 
Annelida  (worms,  &c.),  Echinodermata  (sea-urchins,  starfish,  &c.)» 
Cephalopoda  (cuttle-fishes,  &c.),  Pteropoda,  Pulmonata  (land  snails, 
kc),  Uasteropoda  (periwinkles,  limpets,  &c.),  Conchifera  (oysters, 
cockles,  &c,),  Brachiopoda  (terebratma,  &c.),  corals,  sponges.  The 
Vegetable  Kingdom :  tne  names  of  the  classes  and  orders  of  plants. 
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Saooesslon  of  Strata*  Zmeouji  Socks,  4ic. 


I.  Oldest  known  stata  or  the  Lanrentian  rocka.  Their  metami»pluc 
ehsiacter.  Oldest  known  fossiL    Huronian  rocks  of  Cuiada, 

L  Cambrian  and  Silurian  strata. — Cambrian  rocks,  and  their  traces 
of  fossils.  Ltngola  flsffs  and  Tremadoc  slates.  Uandeilo  and  Bala 
beds  and  the  lavas  and  Tolcanic  ashes  associated  yvith  them.  Llan- 
doroy  or  Pentamenis  beds.  Upper  Silurian  series.  Leading  kinds 
of  fonila  oommon  in  these  formationsy  such  as  the  geneia  of  Granto- 
lites,  Oonls,  Bradiiopoda,  Conchifera,  Cephalopoda  (chambered  sheito)^.^ 
EehnodfiKinata^  Crvstacea  (espedaUy  the  Trilobitee),  and  first  i^ppeei^ 
anee  of  fiA  lemaina  and  littd  plants. 

m.  Old  Bftd  Sandtione.and  Devonian  s^ra/a.— The  areas  in  Britain-, 
thit  fonned  land  before  the  deposition  of  the  Old  Red  Sandstone. 
Unoonformities  of  Old  Red  Sandstone  on  oldcor  focka^  Division  into 
lower  and  upper  Old  Red  Sandstone  and  unconformity.  The  nature 
of  the  rocks.  The  fish  found  in  the  lower,  and  the  fish,  firesk- 
vater  shells  and  plants  in  the  upper  Old  Red  Sandstone*  Dev&nian 
ifnits.— Commonly  divided  into  lower,  middle,  and  upper.  Their  marine 
foana»  emls,  shells  bivalve  and  univalve,  Goniatites  and  other  cephalo- 
poda, Trilobites,  &c.  Difference  between  the  Silurian  and  Devonian  ■ 
genera  and  speeies. 

n.  Cnx^Kmferoui  strata. — The  ordinary  succession  of  these  strata  in 
Wales  md  the  South  of  England  (See  also  parts  of  16  in  Advanced  Stage). 
The  kinds  of  corals,  shells,  and  fish  found  in  the  Carboniferous  limestone, 
tad  other  beds.  The  kind  of  sections  found  in  the  Coal-meamires,  The 
Underday  generallv  below  beds  of  coal»  How  coal  was  fbimed  from 
fosrihM  plants.  How  there  came  to  be  many  beds  of  cos!  in  one  coal- 
fidd  wHh  beds  of  shale,  ironstone,  and  sandstone  between. 

0.  PmmsR  formations, — ^Their  succession  in  England  and  Gsnnany, 
sod  the  proofe  of  their  unoonfomity  on  the  Carboniferous  strata* The 
stmeture  of  the  RothHegende  or  Brecciated  Conglomerates,  the  Marl- 
slate  or  Kvpferscluelb',  the  Magneaian  limestone  (Zec^stein).  Their 
fossils. 


]>«— Meaoaoio  or  Sooondaiy  SoHoa. 

Lownn  Mxaozoic, 

p.  New  Red  Sandstone  or  Trias. — British  divisions:  1st.  New  Red 
Sandstone  (Bunter^r  2nd«  New  Red  Marls  (Keuper).  Continental 
dirisions.  New  Red  Sandstone,  Muschelkalk,  New  Red  Marie.  Uncon- 
formit?  on  Permian  and  older  rocks.  Great  changes  of  fife  in  passing 
from  Palapozoic  to  Mesozoic  times.  Change  in  the  relative  numbers  of 
Biadiiq)oda  and  Conchifera  when  compared  with  Paleoooic  rocks,  and 
oontiaoation  this  down  to  present  day.  New  Cephalopoda,  encnnites^ 
fiih,  sad  reptiles.  First  known  mammal.  Plants  of  the  Keuper  sand- 
stone, CfMtaoea,  reptiles,  &c.  Origin  of  rock-salt  bv  evaporation 
Gypsum  red  marie.  Parts  of  what  is  now  the  British  Islands  that 
foimed  laiul  before  the  deposition  of  the  Trias. 

q.  RJUttie  or  Penarth  beds.-iSee  19,  p.  92.) 

r.  Lias  formations  and  Oo/ff«5.— -(Jurassic  of  the  continent).  Division 
into  Lower,  Middle^  and  Upper  Lias,  and  Lower,  Middle,  and  Upper 
Oolites.  The  names  of  the  formations  included  in  each  of  these. 
Chaiacten  of  tbe  rooks.    Great  development  of  life  of  these  periods. . 
Leading  marine  fosnls    the  Lias  and  land  plants  and  insects.  Common , 
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genera  of  Brachiopoda  and  Concbifera,  Gasteropoda,  Cephalopoda, 
Echinodermata,  Fish,  and  Reptiles.  Leading  fossils  of  the  Oolites  as 
above,  and  also  Mammalia.  .  ProofB  of  land  in  the  neighbourhood  <tf  the 
British  Liassic,  and  Oolitic  seas. 

s,  Pwrbeck  and  IVealden  strata, — Their  estuarine  character,  and  proofs 
of  this  from  the  fossils.  Generic  names  of  leading  fossUs.  Proofs 
of  the  existence  of  a  neighbouring  large  continent. 

Upper  Mesozoic, 

t.  Cretaceous  series, — British  divisions.  Lower  and  Upptf  and  their 
subdivisions.  The  nature  of  the  strata  and  general  grouping  of  fossils  (as 
in  r  above).  Differences  when  compared  with  Oolitic  genera  and  spedes. 
Uppermost  Cretaceous  beds  absent  in  Britain,  viz.  the  Maestricht  and 
Faxoe  beds  and  the  b^ls  of  Aix-la-Chapelle.   Account  of  these. 

a. — Calaoaoio  or  Ttetlarj  Sorloa. 

u.  Eocene  or  Lower  Tertiary. — Meaning  of  the  terms  Eocene,  Miocene, 
and  Pliocene.  Areas  occupied  b^  the  English  and  French  Eooene 
strata,  and  divisions  of  the  English  Eocene  strata.  Their  fossils, 
Cceshwater,  estuarine,  and  marine.  Proo&  of  neighbouring  land  in 
freshwater  shells,  plants,  and  terrestrial  mammalia. 

V,  Miocene  or  Middle  Tertiary,  of  Bovey-Tracej,  Mull,  &c.  Fnnch 
marine  strata  and  freshwater  and  volcanic  formations.  The  kinds  of 
fossils  they  contain.  The  Swiss,  Italian,  and  other  continental  beds. 
The  floras  of  the  period,  insects,  mammalia,  reptiles,  shells,  &c  The 
Arctic  Miocene  bediiB,  and  flora.   Indian  Miocene  strata  and  their  fossils. 

10.  Post-Pliocene  strata.  Crag,  Sfc. — Divisions  of  the  British  Cng, 
characters,  and  fossils,  marine  and  terrestrial.  Economic  products. 
Crag  of  Belgium.  Proportions  of  recent  soeoies  in  the  difliecent 
members  of  the  Crag.   Sub-Appenine  strata  and  those  of  SidJr. 

X,  Gfacial  period  and  other  strata  later  than  the  Crag, — Ine  Forest 
beds  beneath  the  boulder  day,  and  the  union  of  Britain  with  the  conti- 
nent^ and  its  Flora,  terrestrial  Fauna^  and  shells.  (See  aUK>  26,  p.  94.)  The 
glaciers  of  the  glacial  period,  before,  during,  and  after  the  deposition  of 
the  marine  boulder  clays.  The  origin  and  nature  of  the  boidder  day. 
Other  proofs  of  a  cold  climate,  and  the  marine  and  terrestrial  Fauna 
of  the  period. 

Second  Stage  ob  Abyanced  Course. 
A,— -PreltintDary  SabJ«ets  or  Maoiples. 

1.  All  contained  in  a  of  the  dementary  stage. 

2.  All  contained  in  b, 

3.  All  contained  in  c,  and  the  chemical  constituents  of  silica,  various 
fdspars,  micas,  augite,  dislla^e,  hornblende,  garnet,  obsidian,  pitchstone, 
pumice.  Limestone,  Magnesian  limestones  or  Dolomite.  Coals,  sudi  as 
common  house  and  furnace  coals,  cannel  coals,  and  anthradtes.  Inm 
ores.  The  colouring  matter  of  rocks.  The  general  relative  proportioDS 
in  the  known  crust  of  the  earth  of  mineral  substances,  such  as  siliea» 
alumina^  lime,  magnesia,  iron,  &c.  8cc. 

4.  Chemical  disintegration, — Chemical  disintegration  of  rocks  on  a 
lar^  scale  s  form&tion  of  kaolin,  fireclays  and  otiier  cla^  and  shales. 
Origin  of  mineral  springs,  and  substances  in  solution  in  nvers,  seaa,  and 
other  waters.  Skeletons  of  shell  fish  and  other  marine  and  firesh  waiter 
animals,  whence  derived,  and  how  strata  are  fbrmed  of  theae. 
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5.  Sfeets  qf  snow  and  tee,  —  What  is  a  glacier^  and  how  fonned. 
Change  of  snow  into  solid  ice.  Stratification  and  veined  stnicture  of 
ice.  Inclinations  of  beds  and  suifkces  of  glaciers.  Whj  glaciers  flow. 
Bates  of  progress.  Crevasses.  Moraines,  lateral,  medial,  terminal, 
and  haw  thej  are  formed.  Erosion  of  rocks  under  glaciers  and  its  results. 
Flow  of  water  from  lower  ends  of  ffladers.  Destruction  of  terminal 
monines,  and  chrcnmstanoes  that  induce  their  occasional  preservation, 
Oadllation  of  sise  of  glaciers.  Deepening  of  vidleys.  Signs  left  by 
f^aders  tbat  have  disappesied.  Icebergs  of  Arctic  and  Antarotio  r^ons 
and  of  South  America ;  how  formed.  Ocean  currents.  Transput  of 
matter  by  iceberp^,  and  its  distribution  over  existing  sea  bottoms. 
Tiansport  of  detntus  by  coast  ice  and  river  ice. 

6.  LmdtUpe, — Landslips  in  mountainous  and  hilly  regions,  and  land* 
slips  on  sea  coasts.  Their  effect  in  bringing  matter  witUn  the  influenoa 
of  ranning  water  and  of  the  sea. 

7.  Bwen.  —  Erosive  and  transporting  power  of  brooks  and  rivers. 
Their  influence  in  forming  gorges  and  valleys.  Origin  of  waterfalls. 
Amount  of  matter  carried  seaward  by  great  rivers  such  as  the  Nile,  the 
Ganges,  the  Minissimii,  &c  The  mode  of  formation  and  gradual 
growth  of  deltas  ana  their  possible  age.  Filling  up  of  lakes  by  sedi- 
ments. General  effects  on  the  form  of  the  prround  and  lowering  of  level 
of  continental  and  smaller  areas  by  combined  effects  of  chemical  dis- 
integration, rain,  rivers,  firost,  snow,  and  glacier  ice. 

8.  Marine  denudaiicm. — ^Waste  of  sea  coasts  by  breakers  and  land* 
slips.  Formation  of  pebbles  and  sand  on  sea  coasts.  Amount  and 
nature  of  waste  of  boulder  clays  of  eastern  coasts  of  England,  &c. ; 
of  Tertiary  strata,  and  of  Cretaceous  and  Oolitic  strata  on  east  and 
south  coasts.  Waste  of  harder  rocks  of  west  of  England,  Wales, 
and  Scotland.  Power  of  breakers  in  moving  sand  and  shingle,  and 
large  blocks  of  stone.  Effect  of  prevalent  winds  on  waste  and  trans- 
port  of  material  along  shores.  Silting  up  of  estuaries.  Effect  of  groins 
and  other  artificial  obstructions  on  coasts.  Warping  of  alluvial  tidal 
ilata.  Forms  of  sea  diffia  and  origin  of  many  bays  and  headlands.  Origin 
of  great  pbuns  of  marine  denudation  by  combined  action  of  breakers, 
landslips,  and  general  lowering  by  waste  of  the  interior  of  countries. 
Subsequent  upheaval  of  such  plains  and  renewed  scooping  out  of  valleys. 
Origin  of  certain  tablelands  and  their  valleys. 

9.  Distribution  of  Material  in  Sea,  ^e.  forming  Modem  Strata.-^ 
Transport  of  matter  by  great  marine  currents,  passing  mouths  of  rivers 
and  along  coasts.  Transporting  powers  of  tidal  currents.  Sifting  action 
of  the  sea  in  arranging  sediments  along  its  bottom.  Icebergs  (see  5). 
Modem  formation  by  above  causes  of  beds  of  clay,  sand,  gravel,  and 
boulder  beds,  and  mixtures  of  these.  Volcanic  ashes  falling  in  sea  and 
lakes.  General  formation  of  lacustrine  strata.  Formation  of  beds  of 
limestone  by  organic  bodies  in  seas,  lakes,  and  lagoons.  Coral  reefb 
(see  10).  Salts  carried  in  solution  in  rivers  into  «akes,  evaporation  of 
surplus  water,  concentration  and  precipitation.   Origm  of  rock  salt,  &c. 

10.  Foisilization  and  Consolidatum  of  Strata. — Shells  and  other  marine 
organic  remains  buried  in  sediments.  Also  terrestrial  plants.  Worm 
burrows.  Terrestrial  animals.  Organic  remains  in  lakes  and  river 
deltas,  in  alluvial  beds  and  brickearths;  in  and  under  peat»  under 
blown  sand,  and  in  volcanic  ashes  and  under  lavas.  Formation  of 
sediments  by  foraminiferse,  &c.  in  deep  seas.  Consolidation  of  strata 
by  pressure,  infiltrations,  and  precipitations,  chemical  decomposition 
and  reoomposition  and  heat. 

11.  Central  Heat,  Volcanoi,  Earthquakes,  and  other  Movements  of  the 
Earth's  Crust.— Theory  of  Coral  Reefs.  Fringing  reefs.  Barrier  reefs, 
AtoUs,  and  proofs  of  gradual  subsidence  of  the  sea  bottom.  Connexion 
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of  coral  reefs  tirith  the  volcanic  islands  of  the  Pacific  Ocean  and  areas  of 
partial  upheaval.  Upheaval  of  the  west  coast  of  South  Ameriea. 
Oscillations  of  level  on  the  coast  of  the  Baltic^  Greenland^  &e.  Raised 
beaches  and  sea  bottoms. 

Theories  of  central  heat  how  inferred.  Radiation  of  heat  from  the 
earthy  consolidation  and  theory  of  the  fonnation  and  shrinkage  of  its 
enist.  External  phenomena  of  volcanos,  and  theories  of  volcaaie  action. 
Earthquakes.  Mallet's  theoiy«  and  oscillations  of  level  acoompanying 
earthquakes. 

Metamorphism  of  rocks.  Theory  of  slat^  cleavage,  passaffe  of  shales 
.clayslate,  sandstone,  limestone,  and  their  mtermediate  gradations  into 
nuca-schist,  chlorite-schist,  various  kinds  of  gneissic  rocks,  quartsHTOCk, 
crystidline  limestones,  &c.  Special  development  of  distinct  minenls  in 
jrooky  masses.  Relation  of  the  above  to  gradual  subsidenee  of  rook 
masses  and  accumulation  of  strata  above  them.  Origin  of  moonisin 
chains.  Disturbance  and  contortion  of  strata  in  successive  stages,  and 
probable  causes  of  these  phenomena. 

B. — OUuMiflo«tion  of  Animal  and  V^etable  Xlfe. 

12.  All  contained  in  t  of  the  Elementary  sti^e,  p.  90,  together  with  a 
•general  knowledge  of  the  orders  of  Mammalia,  Birds,  Reptiles,  Amphibia, 
Fish,  Insects,  &c.,  Crustacea,  Echinodermata^  Cephalopoda,  Pteropoda, 

.Pulmonata,  Gasteropoda,  Conchifera,  Brachiopoda,  Polyaoa,  Cocals,  &c., 
iiind  the  classes  and  orders  of  the  vegetable  kingdom. 

Succeaalon  of  Strata*  Zgneona  XookSp  4kO. 
0.->Pa]eBoxote  Series. 

13.  Laurmtian  rocks  of  Scotland,  and  Lower  and  Upper  Lanrentian 
rocks  of  Canada,  &c.  Huronian  rocks  of  Canada,  Their  metamorphic 
chanacter  and  peculiarities  of  structure.  Eozoon  Canadense,  its  nature, 
structure,  and  mode  of  growth.  Ages  of  their  metamorphism,  and  the 
inferences  to  be  drawn  from  this. 

14.  Cambrian  and  Silurian  strata,  Cambrian  rocks  and  thdr  passsge 
into  the  Lingula  flag  series.  Fossils  of  the  Cambrian  rocks;  their  slaty 
cleavage  and  slate  quarries. 

Lower  Silurian.^IAngula  flags,  their  lithological  character  and  foasil!. 
'  Tremadoc  sl^es,  their  lithological  character  and  fossils.  Unconf(»mity 
of  the  Dandeilo  and  Bala  beds  on  these,  and  break  in  the  succession  of 
:life.  Llandeih  and  Bala  beds,  their  lithological  character  and  £osaUB. 
The  igneous  rocks,  lavas,  ashes,  &c.  associated  with  these. 

Upper  Silurian.^Llandovery  or  Pentamerus  beds,  their  fossils  and 
imconformity  on  the  Lower  Silurian  strata,  and  partial  change  of  species. 
Remainder  of  the  Upper  Silurian  strata  of  the  Wenlock  and  lldlow 
aeries,  their  characters  and  fossils.  Fixst  appearance  offish.  Remains 
of  plants.  Reasonings  on  the  connexion  of  unconformable  stratiflcatkm 
with  partial  or  total  breaks  in  the  succession  of  species  and  genecain 
time.  (This  may  be  applied  to  all  the  cases  of  unconformity  sub«- 
quently  noticed.)  ' 

15.  Old  Red  Sandstone  and  Devonian  strata^-^Pamee  of  Upper 
Sdunan  into  Lower  Old  Red  Sandstone  in  Wales  and  on  its  bordas. 
Disappearance  of  the  life  of  the  Silurian  period.  The  land  that  existed 
m  Scandinavia  and  Britain  before  the  deposition  of  the  Old  Red  Sand- 
stone, and  round  and  on  which  the  Old  Red  beds  were  deposited.  Firfi 
of  the  lower  Old  Red  Sandstone  j  their  distinctive  charaotenl 
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Upper  Old  Red  5m<2ffDfM.— Lithological  diameters,  fisb,  shellB^  and 
pkals.  Unconformity  of  the  upper  on  the  lower  Old  Red  Sandatone, 
and  aporoximate  or  actaal  passage  of  the  former  into  the  Lower 
Carbonirarous  strata.  Condition  of  the  waters  in  which  the .  Old  Red 
Sandstone  formations  were  probably  deposited.  If  partly  glacial,  and 
the  signs  of  this  ? 

Bevoman  strata, — ^The  division  of  these  strata  commonly  made  into 
Lower^  Middle^  and  Upper  Devonian.  The  marked  difPerence  of  con- 
ditions of  denosit  shown  in  the  general  nature  of  their  fossils,  viz.,  the 
fiah  of  the  Old  Red  Sandstone,  and  the  Corals,  marine  bivalve  and 
nniyalve  shells.  Cephalopoda  and  Trilobites  of  the  Devonian  strata. 
The  stratigraphical  relation  of  the  Devonian  strata  to  the  Silurian 
rocks  of  Devon  and  Cornwall^  of  Germanv,  and  North  America. 
The  relation  of  the  so-called  Upper  Devonian  beds  to  the  Carboniferous 
strata.  The  appearance  of  new  genera  and  species  in  the  Devonian 
loeks.  The  plants  of  the  North  American  beds. 

16.  Carboniferous  strata* — Succession  of  Carboniferous  strata  in 
Wales,  and  its  borders,  and  the  south  of  England,  viz..  Lower 
limestone  shale.  Carboniferous  limestone,  Upper  limestone  shale. 
Millstone  grit,  and  Coal-measures.  The  lithological  characters  of  these 
itnd  their  fossils,  marine,  ft'cshwater,  and  terrestrial.  The  manner  in 
which  the  beds  below  the  Coal-measures  were  accumulated.  The  manner 
of  the  formation  of  the  Coal-measures,  the  peculiar  strata  beneath 
each  (or  most)  beds  of  coal,  the  nature  of  the  plants  that  formed  the 
coal,  their  mode  of  growth,  and  the  cause  of  the  succession  of 
beds  of  coal  in  thick  series  of  strata.  The  gradual  passaffc  of  the 
Carboniferous  strata  into  a  set  of  beds  difPerently  arranged  in  their 
stratification,  especially  in  their  lower  members,  proceeding  northwards 
through  Lancashire  and  Yorkshire  into  Northumberland,  and  Scotland. 
The  physical  causes  that  produced  this  difference.  Also  the  absence  of 
certain  members  of  the  series  in  some  of  the  English,  and  in  part  of  the 
Scoteh'coal  fields,  and  the  physical  phenoraiena  wat  caused  this  absence. 
The  Carhoniferous  series  as  developed  in  Ireland.  The  Carboniferous 
rocks  of  tiiecontuients  of  Europe  and  North  America.  Their  resem- 
blances to  those  of  the  British  islands ;  climate,  its  average  uniformity  in 
space  and  time  during  this  epoch.  Tlie  surfoce  areas  occupied  by  the 
European  Carboniferous  strata  now.  The  areas  where  thev  may  be 
concealed  under  newer  formations.  The  areas  where  originally  formed, 
riz.,  which  th^  spread  over  before  reduced  to  their  present  limits  by 
denudation.  The  disturbances  of  the  Carboniferous  rocks,  and  the 
lessons  why  coal  fidds  (like  parts  of  many  other  formations)  so  often  lie 
in  ba«ns.  Various  kinds  of  coal,  such  as  the  varieties  of  coal  commonly 
called  bituminous,  cannel  coal,  and  anthracite.  The  chemical  changes 
thatv^etation  underwent  in  its  passage  into  coal,  first  on  the  surface, 
and  afterwards  under  pressure.  The  passage  of  "bituminous"  into 
anthracite  coal  and  tiie  probable  reason,  and  the  connexion  of  this 
•ulject  with  highly  disturbed  areas.  Specialities.  Development  of 
emstaoea  of  the  Carboniferous  rocks  as  distinguished  from  those)  ithe 
Devonian  and  Silurian  periods.  Prevalence  of  certain  genera  of 
brachiopoda  and  conchtfera,  and  relative  proportions  of  these  in  the 
Carbonderous  rocks  when  compared  with  older  formations.  Fish  and 
reptiles  of  the  Carboniferous  rocks.  Footprints,  rain  drops,  land  shells, 
and  insects,  and  what  they  indicate.  Ironstones.  Mineral  veins  in 
Carboniferous  limestone  series. 

17.  Permian  formations. — Succession  of  these  in  Britain,  Germany, 
ftad  Russia.  1st.  The  Rothliegende,  its  structure,  and  the  evidences  of 
the  glacial  stgencies  by  which  parts  of  it  were  deposited.   2nd.  The 
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Kupenchiefer  of  Germanj  and  Marie-slate  of  England*  with  minnal 
contents,  fish,  &c.  drd.  The  Magnesian  limestone  (Zechstein),  iti 
mineral  character  and  composition;  its  fossils;  evidence  of  their 
paleozoic  character,  partial  community  of  species,  and  numbers  and 
size  when  compared  with  the  genera  and  species  of  the  Carbonifeioiu 
limestone.  Cause  of ^  this.  Unconformity  on  the  Caiboniferoos  aod 
older  rocks;  submersion  of  old  lands  during  its  deposition;  beanag 
of  this  on  conglomeratic  and  brecciated  structure  of  the  Rotbliegende 
and  the  (general  development  of  the  life  of  the  period,  including  plants 
and  reptiles. 

]>.-^llesoaoie  or  SMondarjr  SeiiMk 

Lower  Mesoeoic, 

18.  Dmsions  of  TriaM,  or  New  Red  Sandstone  series  (see  p,  p.  91).— 
Unconformity  and  great  break  in  succession  of  life  in  passing  from  Per- 
mian to  New  Red  Sandstone.  Great  development  of  eonchifera  aod 
decrease  of  genera  of  brachiopoda.  The  relation  of  this  to  lapse  of  time, 
as  shown  by  unconformity,  and  continued  prevalence  in  li^  lanes  of 
many  of  these  early  Mesozoic  types.  The  generally  unfoasfltifenras 
character  of  the  New  Red  Sandstone  beds  (Bunter),  and  tiieir  minor  divi* 
sions  in  England.  The  absence  in  England  of  the  Muachelkalk,  and  its 
presence  on  the  Continent.  Its  fossils  (see^,  p.  8/).  The  minor  divisions 
of  the  New  Red  Marie  (Keuper).  Its  fossil  plants  and  reptile  bones  and 
footprints.  Microlestes.  Rain  drops.  The  rock  salt  of  this  formation, 
and  now  it  was  deposited.  Theory  of  inland  salt  lakes  or  seas  of  the 
present  day,  and  the  bearing  of  this  and  of  the  above-named  marks 
of  rain  drops  and  footprints  on  the  point.  New  Red  Sandstone  of  the 
United  States,  and  numerous  footprmts  of  reptiles  and  impressions  of 
bird-like  feet.  Gypsum.  Those  parts  of  the  British  islands  that  fonned 
land  before  and  during  the  New  Ked  Sandstone  period. 

19.  Khatic  or  Penarth  Bedx.— Intermediate  between  New  Red  Marie 
and  Lower  Lias.  Gradual  passage  of  nearly  unfossiliferous  red  msrles 
into  these  more  fosslliferoiis  strata.  Character  and  names  of  some  of 
the  common  fossils,  each  as  AvUmla  cotiiorta,  Cardiwn  BksOiewn,  &c. 
Their  afi&nities  with  Liassic  forms  and  conformable  passage  into  that 
formation  in  Britain. 

20.  Lias  formations  and  Oolites.  (Jurassic  of  the  Continent).~Naaiefl 
of  the  several  formations  of  the  Lias  and  Oolites  between  the  Lower 
Lias  and  the  Portland  Oolite  in  serial  order,  and  tiieir  gronping  into 
Lower,  Middle,  and  Upper  Lias  and  Oolite.  Lithological  characten  of  the 
Liassic  formations.  Fossils  of  the  different  formations.  Plants  and  insects. 
Corals,  brachiopoda,  eonchifera,  gasteropoda,  cephalopoda*  echinoder- 
mata,  Crustacea,  fish,  and  reptiles.  The  distinctive  characters  oi  some 
of  these,  their  relative  numbers  compared  with  the  same  classes  in  tiie 
Palaeozoic  rocks.  Nature  of  the  connexion  of  the  lias  with  tiie 
Inferior  Oolite.  Lithological  characters  of  the  Oolitic  formations  and 
their  uses.  Marine  fossils  of  the  different  formations  of  the  above^iamed 
classes ;  also  mammalia.  Evidences  of  the  existence  of  older  land  io 
the  neighbourhood  of  the  Liassic  and  Oolitic  seas,  and  of  the  dimato 
of  the  period  drawn  f^om  plants  and  animals.  Names  of  the  most 
characteristic  genera  of  Lias  and  Oolites,  especially  with  reference  to  their 
prevalence,  such  as  the  names  of  the  prevalent  genera  of  brachiopoda, 
eonchifera,  gasteropoda,  and  cephalopoaa,  echinoaermata,  crastacea,fi8h, 
and  reptiles.  Jurassic  strata  of  tiie  Continents  of  Europe  and  Asia. 
The  Jura  and  the  Alps,  and  the  fossils  of  Solenhofen.  Disturbance  and 
metamorphism  of  Jurassic  strata.  Names  of  some  of  the  species  chaise* 
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UaMe  of  some  of  tbe  formations,  and  extent  of  the  community  of 
speoes.  Contrast  the  life  of  these  epochs  with  similar  developmento  in 
Adcosoic  epochs. 

21.  Purbeck  and  Wealden  ttrata, — ^Their  general  fresh-water  nature 
and  marine  interstratifications.  Extent  of  these  formations  in  England 
and  on  the  Continent.  Their  characters  and  thickness.  Fossils  of  the 
Purbeck  strata.  Pknts,  land^insects,  mammalia,  fish,  reptiles,  univalve 
and  bivalve  shells,  and  Crustacea,  Fossils  of  the  Wealden  formations  as 
abcre.  Evidences  of  the  upheaval  of  extensive  continental  land  of  the 
period,  and  the  manner  in  which  the  Purbeck  and  Wealden  beds  were 
deposited. 

Ufpmm  Mbmosoic. 

22.  Cretaceous  teries. — Description  of  the  British  divisions  and  sub* 
dirisions.  Their  lilhological  cnaraeters  and  passage  of  Weald  clay 
into  Lower  Cretaceous  b«is  in  the  Wealden  area  and  Isle  of  Wight. 
Foisils  of  the  formations  noticed  in  the  same  wav  as  those  of  the  Oolitic 
stiita.  The  Chalk,  by  what  orguiic  bodies  chiefly  formed.  Comparison 
with  similar  deposits  forming  in  existing  oceans.  Nature  of  flints 
interstnlified  with  chalk,  and  vein  and  tabular  flints.  Resemblances 
and  difeences  of  the  genera  and  species  of  the  Oolitic  and  Cretaceous 
epochs,  and  tiie  bearings  these  have  on  lapse  of  time  between  the 
doKwilion  of  the  Portland  Oolite  and  the  commencement  of  the  Ather* 
field  day.  Continental  Cretaceous  geology  generalljr.  Hippurite  lime- 
stone. ^^PP^  Cretaceous  rocks  unknown  in  Britain.  Maestricht 
beds  and  Chalk  of  Faxoe  in  Zeeland,  Denmark.  Upper  Cretaceous  beds 
tnd  flora  of  Aix-la^Chapelle.  Cretaceous  strata  of  North  and  South 
America. 


23.  Eoeeme  or  Lower  Tertiary. — Meaning  of  the  terms  Eocene,  Mio- 
cene, and  Pliocene  as  used  by  Sir  Charles  LyeU.  Grouping  of  greater 
dirisions  and  subdivisions  of  the  English  and  French  strata  as  usually 
given  in  manuals.  Areas  occupied  by  the  EngUsh  and  French  Eocene 
sfarata.  Evidence  of  the  upheaval  of  the  Cludk  and  older  strata  of 
Western  Europe  before  the  eocene  period.  Fossils  of  the  Thanet  sand 
and  Woolwich  and  Reading  beds,  of  the  London  clar,  Bagshot,  Brack- 
leaham,  and  Barton  beds,  and  of  the  Isle  d  Wight  and  Hampshire 
strata  from  tbe  Hmdonto  the  Hempstead  beds  inclusive;  viz.,  plants, 
foraminifcra,  brachiopoda,  conchifiera,  and  gasteropoda,  marine,  estua- 
rinei,  and  finsh-water;  cephalopoda,  echinodermata,  cirripedia,  Crus- 
tacea, fish,  reptiles,  birds,  and  mammalia.  The  evidence  shown  by  these 
of  the  manner  in  which  the  difi'erent  fonnations  or  parts  of  formations 
were  deposited;  1st,  into  three  broad  divisions,  estuarine  and  fluvio- 
marine  oelow;  marine  in  the  middle;  and  fresh  water,  estuarine  and 
fluvio-marine  above.  Evidences  of  land  and  its  nature  drawn  from 
phmts  and  from  mammalian  remains.  Plants  of  the  various  subdivisions, 
and  anodation  of  plants  in  Hempstead  series  with  Eocene  shells  of  lower 
beds.  The  nummulitic  beds  of  England,  the  Continent  of  Europe, 
Asia,  and  Africa.  Evidences  of  climates  of  Eocene  times  as  indicated 
by  sheQs,  reptiles,  and  plants,  &c.  Original  extension  and  subsequent 
denudation  of  Eocene  beds  in  Britain.   Denudation  of  the  Weald. 

24.  Miocene  or  Middle  Tertiary  strata. — British  Miocene  strata  uid 
igneous  rocks.  Fossils  of  and  nature  of  the  strata.  French  marine 
and  freah-water  and  igneous  rocks.  Their  fossils  and  the  mammalia  of 
the  period.  Miocene  beds  of  the  Rhine,  Switzerland,  Bohemia,  and 
other  parts  of  the  Continent  of  Europe.   Their  divisions,  lithological 
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cbaraeters,  and  fossils.  The  Alps  and  other  lands  before  the  Miocene 
epochs  and  the  manner  in  which  the  Swiss,  Italian,  and  other  Miocene 
rocks  were  deposited.  Theoiy  of  a  glacial  episode  during  Miocene  times. 
Mammalia.  The  Miocene  insects  and  flora,  especially  of  lObte  British, 
Swiss,  Icelandic,  and  Arctic  r^ons.  Brown  coal  of  £*ngland  and  the 
Continent.  Disturbances  of  the  Alps  and  Jura  before  and  after  the 
close  of  the  Miocene  epoch.  Miocene  rocks  of  India  and  the  United 
States  and  their  fossils. 

25,  Po$t*PUocene  Strata,  Cray,  d*c. — (See  w,  p.  88)  and  in  addition 
proofs  of  Britain  having  been  joined  to  the  Continent  before  the  Crag 
epoch. 

26.  Glacial  period  and  other  Strata  later  than  the  Crag. — Old  land 
suxftce  of  Britain  later  than  the  Crag  and  Forest  beds,  llieir  plants, 
mamnudia,  and  shells,  llie  Glacial  period.  Great  glaciers  before  the 
deposition  of  the  boulder  drift  in  the  northern  and  southern  hemi- 
spheres  generally,  and  in  Switzerland  and  other  mountain  ranges  specially. 
The  signs  of  this.  Boulder  beds  and  arctic  shells.  Minor  gladers  during 
and  met  the  deposition  of  the  boulder  beds.  Their  signs.  Erosion  of 
valleys  by  ancient  glaciers.  Theorv  of  the  formation  of  rock-bound 
basins  by  glaciers  and  of  other  lakes  by  boulder  beds  and  eskeis  or 
kaims.  General  natxire  of  the  fauna  of  the  period.  Union  of  the 
British  islands  and  their  union  with  the  continent  before  and  after 
the  glacial  epoch.  Theories  of  the  causes  that  produce  this  gladal 
period  and  of  glacial  periods  in  general.  Volcanic  rocks  of  the  FifeL 
Loess  of  the  llhine  and  other  rivers,  brick-earths,  river-gravds,  and 
alluvia  of  various  ages.  Mammalian  and  other  bones  in  these  in  Europe, 
Asia,  and  America.  Bone  caves  and  the  manner  of  the  preservation  of 
their  fossils.  Relics  of  man  and  his  works  in  caves,  river  deposits,  shell 
mounds  of  Denmark,  &c.,  and  in  Swiss  and  other  lakes.  Contours  of 
ground  before  and  after  the  glacial  period.  Pre-glaciid  and  post-glacial 
valleys. 

27*  Theories  that  have  been  proposed  to  explain  the  distribution  of 
life  in  individual  formations  and  throughout  the  whole  geologiod  series, 
or  the  origin,  increase,  distribution,  and  disappearance  of  species  and 
genera  commonly  so  called.  The  relations  of  the  Itfe  of  suooessive 
fonnations  to  each  other  generally.  Relations  of  existtng  &unas  and 
floras  of  the  world  to  those  of  Mipcene,  Fliooence,  and  Poet-pUooene 
a^e. 

28.  Water-bearing  strata  and  undeiground  drainage.  Artesian  and 
other  wells.  Rocks  in  which  ores  are  found,  and  mode  of  oocnneBoe 
of  those  in  beds,  lodes,  and  superficial  detritus.  The  rules  that  ought 
to  guide  the  miner  hi  sinking  for  coal  and  other  minerals,  when  the 
beds  in  which  they  lie  are  concealed  by  overlying  and  unooaloimable 
strata. 

EXAMIXATIOK  FOR  HoNOURS. 

In  addition  to  the  forgoing,  candidates  may  be  examined  in  any  sub- 
jects treated  of  in  standard  manuals  and  other  books  mentioned  below. 

The  following  may  be  used  as  text-books : — 

Principles  of  Geology,  by  Sir  C.  Lyell,  2  vols.,  8vo.,  32s, 

(London,  Murray,  10th  ed.,  lS6d.) 
Elements  qf  Geology,  by  Sir  C.  Lyell,  8vo.,  18s. 

(London,  Murray,  6th  ed.,  1868.) 
The  Students  Manual  of  Geology,  by  J.  B.  Jukes,  8vo.,  12*.  &d, 

(London,  Longman,  2nd  ed.,  1862.) 
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The  Sekool  MmuU  qf  Qeology,  by  J.  B.  Jukes,  12mo.,  4«. 

(London,  Longman,  1863.) 
Intndmetory  Teaet-book  of  Geology,  by  D.  Pkge,  8vo.,  28, 

(Edlnbuiffb,  Blackwood,  7th  ed.,  1867.) 
Advanced  Text^k  qf  Geoloffy,  by  D.  Page,  8iro.,  7s.  &d. 

(B^biurgb,  Blackwood,  4th  ed.,  1867.) 
Pibnco/  Qtogre^hy  and  Geology  of  Great  Britain,  by  A.  C.  Ramsay, 
8to.,  fit.  (London,  stamped,  2nd  ed.,  1864.) 

Pcpnlar  Physical  Geology,  by  J.  B.  Jokes,  16mo.,  5^. 

(London,  Routledge,  1866.) 
Text-book  qf  Geology,  by  J.  D.  Dana,  12mo.,  7s,  6d. 

(Philadelphia,  1864.) 

Manudl  of  Geology,  by  J.  D.  Dana,  8vo.,  2\s.  (Philadelphia,  1863.) 
A  Hasdbook  of  Geological  Terms,  by  D.  Page,  dyo.,  7s,  6d. 

(Edinburgh,  Blackwood,  2nd  ed.,  1865.) 
Bseent  and  FhssU  SkelU,  by  S.  P.  Woodward  (Weale's  series),  18mo., 
5f.  6d.  (London,  Weale,  1851.) 

Glossary  qf  Mmeralogy,  by  H.  Bristow,  8yo.,  6s, 


Other  books  that  may  be  consulted : — 

Siluria,  by  Sir  R.  I.  Marchison,  8vo.,  30s, 

(London,  Murray,  4th  ed.,  1867.) 
Geological  Observer,  by  Sir  H.  De  la  Beche,  8vo.,  iSs, 

(London,  Longman,  1853.) 
.  Voyage  qf  a  Naturtdist  round  the  World,  by  C.  Darwin,  8vo.,  Ss,  6d, 

(London,  Murray,  1845.) 
T%e  Origin  of  Species,  by  C.  Darwin,  8vo.,  16*. 

(London,  Murray,  new  ed.,  1866.) 
Catalogue  of  British  Fossils,  by  J.  Morris,  8vo.,  lOs, 

(London,  Van  Voorst,  1843.) 
Chart  of  the  Characteristic  British  Tertiary  Fossils,  by  J.  W.  Lowry, 
mounted  on  linen,  \0s,  (London,  Stanford.) 

Chart  of  the  Genera  of  Fhssil  Crustacea,  by  J.  W.  3alter  and  H. 


A.  Instructioii  in  tbis  subject  should  commence  with  a  distinct 
understanding  of  the  characters  and  circumstances  by  which  minerals, 
propeiiy  so  ailed,  are  to  be  distinguished  from  other  inorganic  sub- 
stances, and  of  the  position  of  this  science  in  relation  to  the  collateral 
scienoes  of  physics*  chemistry,  and  geology.  Definitions  of  a  mineral, 
a  crystal,  and  of  the  conditions  termed  crystalline  and  amorphous. 
Occurrence  of  other  more  or  less  regular  forms  not  crystals.  Distinction 
of  compound  ^masses  or  mixtures  of  minerals. 

B.  CrystmUography,  as  the  essential  means  of  appreciating  the  forms 
natarsUy  assumea,  under  fayourable  conditions,  b^  almost  ^1  inorganic 
bodies  of  definite  composition,  must  commence  with  the  needful  defini- 
tions ;  faces,  edges,  and  solid  angles ;  plane  figures  of  three,  four,  fiye, 
six,  and  eight  sides ;  the  names  and  chief  features  of  the  more  important 
geometricfd  solid  figures  which  occur  among  crystals;  the  object  of 


(London,  Longman,  1867.) 
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refenrinff  the  ftuoBB  to  systems  of  axes.  Mid  the  ▼arions  dixectbns  In 
whieh  these  may  be  pkoed. 

Method  of  drawing  crystals  isometrically. 

Relation  of  the  hemihedral  to  holohedral  forms. 

The  grounds  for  grouping  the  various  oiystal  forms  into  six  sjrslenu. 

Laws  by  which  the  derivation  of  one  form  from  another  within  the 
limits  of  the  same  system  is  determined. 

Complex  or  modified  crystals  may  be  regarded  as  combinations  of  the 
faces  or  two  or  more  simple  forms. 

The  leading  figures  of  the  six  systems  to  be  studied,  with  frequent 
practice  in  drawing. 

Twin  crystals  and  hemitropes;  the  relative  position  of  the  axes  of 
their  several  portions. 

Irregularities  to  which  the  surfiioe  of  ciystal  faces  is  subject,  cerUdn 
angulur  elements  remaining  constant ;  measurement  of  these  latter  by 
instruments.  Principles  of  the  contact  goniometer  and  of  Wollaston's 
goniometer. 

C.  Agffregation,  or  natural  grouping  of—lstly,  the  distinctly  crystal- 
lised minerals ;  2ndly,  of  the  crystalline  mmerals,  espedalljr  with 
reference  to  structure  and  general  form  of  masses  of  the  useful  minoals 
and  of  crystalline  rocks. 

D.  Other  physical  properties, — ^The  cleavage  of  crystallised  substances, 
and  its  relation  to  crystalline  form.  Fractmre,  its  various  characters. 
Comparative  hardness,  how  best  determined.  Different  qualities  of 
tenacity.  Specific  gravity  of  solids,  how  determined ;  the  iNUanoe,  the 
araeometer. 

Propertv  of  magnetism;  what  substances  are  capable  of  beiag 
attracted  by  a  mapnet,  and  what  is  the  comparative  mtensity  of  the 
effect.  Polarity.  Influence  of  certain  minerals  disseminated  in  rocks  on 
the  correctness  of  surveys. 

Peculiarities  of  smell  and  of  taste  which  distinguish  a  limited  number 
of  minerals. 

E.  Optical  characters, — Single  and  double  refraction,  and  their  rela- 
tion to  certain  crystallographical  systems. 

Different  degrees  of  lustre  and  transparency. 

Colour  essential  in  some  species^  not  so  in  others ;  varieties  of  colour, 
how  far  they  are  capable  of  definition. 

Phosphorescence  as  produced  by  different  methods  and  exhibited  by 
certain  minerals. 

F.  Chemical  characters. — Simple  or  elementarv  substances ;  some  of 
them  occur  as  minerals  ;  their  symbols  and  the  derivation  of  the  same. 
Equivalents ;  chemical  combinations ;  principal  groups  of  these  occur- 
ring in  the  mineral  kin||rdom. 

Dimorphism  of  particular  substances,  accompanied  by  a  difference  in 
other  physical  characters  besides  form. 

The  emplojrment  of  adds  in  the  discrimination  of  minerals. 

The  blowpipe,  its  form  and  uses ;  the  reducing  and  the  oxidizing 
flames.  Trial  of  comparative  fusibility,  of  the  colour  given  to  the 
flame,  the  mcrustation  on  charcoal ;  the  ^ects  of  fusing  various  metallic 
oxides  with  beads  of  borax  glass. 

Pseudomorphism. — ^The  phenomena  presented  by  minerals  which  have 
the  composition  of  one  mineral  coupled  with  the  form  of  another. 
Analogous  action  of  fossilization  or  petrifaction. 

G.  General  requirements  of  a  system  of  classification  of  minerals. 

H.  The  phvsiographv  or  svstematic  description  of  mmerals.  This 
ast  division  should  include  all  the  more  remarkable  varieties  as  well  as 
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specaOyBiid  should  take  especial  note  of  the  modes  and  places  of  ooodf* 
KDoe,  as  well  as  of  the  association  of  particular  groups  of  minenla  in 
certain  veins  or  formations. 

It  would  not  he  ezpeeted  that  the  elementary  course  should  include 
the  deseripiion  of  the  rarer  substances,  or  of  those  species  whose 
chaiactera  are  not  ^et  well  ascertained,  but  attention  should  chiefy  bo 
given  to  those  species  which  form  the  constituents  of  rocks  and  those 
which  as  ores  supply  the  materials  for  the  production  of  the  usefa 
metals. 

Second  Stags  or  Advanced  Goursb. 

A.  Discussion  of  the  relation  of  true  minerals  to  other  inorganic  sub- 
stances, and  how  fkt  bodies  of  organic  origin  may  be  classed  amon^ 
minerals. 

B.  Hie  dependence  of  symmetry  in  crystal  forms  on  the  axial  system*. 
The  crystaUographical  value  of  a  face  is  the  same  as  that  of  anv  playe 
paralld  to  it,  on  the  same  side  of  the  centre  of  the  crystal.  Position  of 
the  nonnals  to  a  face.  The  methods  of  indicating  the  faces,  and  thence 
the  entire  forms  of  crystals  by  symbols.  Drawing  of  a  sphere  cKf  pro- 
jection in  which  the  poles  of  the  crystal  faces  may  be  snown.  don- 
venience  of  representing  in  a  great  circle  the  poles  of  a  sone  of  flaoes. 
The  magnitude  of  the  angle  between  the  normids  being  the  supplement 
of  the  mutual  inclination  of  the  planes,  the  first  kind  of  measurement 
(i^.  between  the  nonnals)  is  adopted  by  certain  authors,  and  is  easify 
reducible  into  the  other  kind.  Statement  of  the  anprular  and  linear 
dimensions  requiring  to  be  determined  for  the  description  of  the  simple 
forms  of  all  the  systems  after  the  cubical. 

Twin  ciystalB,  the  twin  plane,  and  twin  axes ;  examples  of  their  posi- 
tion in  important  minerals  of  the  several  systems. 

C.  Reticulated,  wiry,  and  capiUaiy  forms,  explanations  suggested  for 
tiieir  formation.    Other  peculiarities  in  grouping. 

D.  The  prevailing  directions  of  cleavage  in  the  several  crystallogiaphi- 
csl  systems. 

Determination  of  the  specific  gravity  of  a  substance  contained  in  a 
mechanical  mixture. 

Electricity;  by  what  means  this  property  is  exhibited  in  diflineDi 
ndnenls* 

E.  Refiraction  of  light ;  different  positions  of  the  ordinary  and  extra- 
ordhuffy  ray  in  doubly-refracting  bodies.  Optic  axes  of  a  crystal,  thdr 
variation  in  different  species  of  minerals. 

Polaiixed  light,  its  connexion  with  double  refraction.  Construction, 
of  the  pohuriscope. 

Dichroism  and  pleochroism,  a  remarkable  property  of  some  few 
nunerals. 

F.  Character  of  the  chemical  composition  of  the  more  complex 
minerals. 

The  electro-negative  element  in  chemical  combinations  has  the  pre- 
pondenting  effect  in  influencing  the  external  character. 

Isomorphism,  as  shown  by  Mitscherlich,  to  result  from  a  group  of  ^ 
Isi^  iaomorphous  acids ;  2nd,  of  isomorphous  bases.  Pol^pneric  isomor- 
pbismof  Sdheerer;  its  meaning,  and  the  arguments  in  its  favour* 
Vicarious  or  irregular  replacement  among  one  another  of  isomorphous 
constituents. 

Testing  of  minerals  in  the  moist  way  simply  practicable  for  qualitative 
purposes. 
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•Tieatment  of  varioiu  metallic  ores  before  the  blow-pipes. 

Psendomorphous  substances  as  airanged  in  fpronps  aooordiDg  to  the 
nature  and  degp^e  of  change  they  have  undergone. 

Discussion  of  anogenic  and  katoraiic  pseudomorphs,  or  those  whkh 
have  been  produced  above  by  oxioising,  and  below  by  reducing  pro- 
cesses respectively. 

Extension  of  pseudomorphous  action  on  a  large  scale  to gossans  " 
and  to  geological  formations. 

G.  Methods  of  classification  as  proposed  by  the  leading  authors  in 
mineralogy.  Review  of  the  difficulties  caused  in  classification  by  the 
occurrence  of  thfi  isomorphous  substances. 

Discussion  of  the  means  of  defining  a  species  among  minerals. 

'  H.  Species  and  varieties  of  minerals  as  described  in  the  best  manuals. 
Theur  occurzenoe  under  various  circumstanoes  to  be  particularly  studied. 
The  changes  in  composition  wrought  by  nature  (pseudomorphous  action), 
by  which  onfe  species  is  converted  into  another,  and  the  essential  jyointe 
of  4liiforence  between  species  much  alike  in  certain  characters,  will  be 
hdd  of  much  importance  in  dealing  with  the  minerals  of  special  value 
or  interest.  It  is  not  expected  that  the  memory  should  be  charged 
with  the  details  6t  substances  of  very  rare  occurrence,  or  of  doubtful 
independence  as  species. 

Examination  for  Honours. 

The  questions  will  as  a  general  rule  be  such  as  are  embraced  in  the 
above  syllabus,  but  candidates  wiU  be  required  to  prove  a  practical  ac- 
quaintance with  minerals  and  with  crystal  forms,  and  will  need  to  hare 
studied  some  of  the  more  advanced  works  mentioned  below. 

As  text-books  may  be  recommended — 

Elementary  Course  of  Mineralogy  and  Geoloay,  by  D.  T.  Ansted, 
8vo.,  12*.  (London,  Van  Voorst,  1856.) 

'JBlfiPimts  o/  Mineraloffy,  by  Jas.  Nicol,  12mo.,  Ss. 

(London,  Longman,  new  ed.,  1858.) 
rManual  o/Mineraloffy,  by  J.  D.  I)anay  8vo.,  7s.  6d. 

(New  York,  new  ed.,  I860.) 
Ohssary  of  Mineralogy,  by  H.  W.  Bristow,  8vo.,  6*. 

(London,  Longman,  1867.) 

For  more  advanced  students — 

Elementary  Introduction  to  Mineralogy,  by  Brooke  and  liliUer.  8fO. 
18*.  (London,  Simpkin,  1852.) 

Crystallography,  by  Rev.  W.  Mitchell,  m  Orr's  "  Circle  of  tke 
Sciences"   8vo.   35.  (London,  Griffin.) 

System  of  Mineralogy,  by  J.  D.  Dana,  8vo.,  36*. 

(New  York,  6th  cd.,  1S68.) 
Elemente  der  Mineraloyie,  von  C.  F.  Naumann,  8vo,  9s. 

(Leipzig,  Engelmann,  7th  ed.,  1868.) 
Par  agenesis  der  Mineralien,  von.  A.  Breithaupt,  8vo.,  55.  6d, 

(F^iberg,  Engelhardt,  1849.) 
Handlmeh  der  Mineralogie,  von  W.Haidinger,  8vo.,  IO5. 

(Vienna,  BraumUller,  new  cd.,  1865.) 
Manuel  de  Min&alogie,  par  Des  Qoiseaux,  Tome  L,  8vo.,  17s. 

(Paris,  Dunod,  1862.) 

Mamtal  of  the  Mineralogy  of  Qreat  Britain  and  Ireland,  by  Greg  and 
Lettsom,  8vo.,  155.  (London,  Van  Voorst,  1868.) 
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When  it  is  intended  to  teach  this  subiect  with  spedal  referenee  to  the 
puotioal  workioff  of  minetsJa,  the  phjsioffraphioal  part  will  be  occupied 
noie  pArtioiUaily  with  oarlain  of  tne  useful  species  and  their  associated 
sobstanoee^  «ad  the  following  works  may  be  consulted : — 

The  MetalH/ertms  DepasU$  of  Cornwall  and  Devon,  by  W.  J.  Henwood« 
1843. 

Bkokt^'f  CkemM  and  Phymal  Gtohj^,  transited  by  the  Cavendish. 
Society,  2  rob.,  8yo.,  2U.  (London*  1854.) 


SUBJECT  XIV.— ANIMAL  PHYSIOLOGY. 

First  Staob  or  Elrbcbntarv  CouRas. 

Questions  wiU  be  confined  to  the  undei^mentioned  topics. 

Anatomical  Preliminaries. 
*nie  general  build  of  the  human  body. 

The  meaning  of  the  terms  skull,  vertebra,  rib,  sternum;  scapula, 
dande,  humerus,  radius,  ulna,  carpus,  metacarpus,  phtJanges  (of  the 
hand) ;  pelvis,  femur,  tibia,  fibula,  tarsus,  metatarsus,  phalanges  (of  the 
foot);  integument  mucous  membrane,  connective  tissue,  tendon,  liga- 
ment,  cartikge>  muscle,  nerve. 

The  position  in  the  body  and  the  general  form  and  size  of  the  follow- 
ing internal  parts : — ^The  brain  and  spinal  cord ;  the  phaivnx,  the  gullet, 
stomach*  ana  intestines;  the  salivary  glands,  the  liver  and  pimereas ;  the 
posterior  «aies^the,laiyux>  trachea,  and  lunga;  the  kidneys  and  bUdder « 
tbeJuBart  andthe  great  vossels-;  the  thoracic  duct,  and  the  chief  lymphatic 
glanda ;  the  spleen ;  the  diaphragm. 

.  Ckmnieal  PreUminaries, 

Hie  composition  of  air,  water,  carbonic  acid,  and  ammonia. 

Hie  ehemioJ  el<toientB  of  which  protein,  fat,  and  sugar  are  composed. 

The  nature  of  the  most  important  mineral  compounds  which  are 
formed  in  the  body. 

The  ultimate  chemical  products  of  the  decay  and  putrefibction  of  the 
dead  body. 

• 

General  View  of  the  Body  in  Action, 

The  evidence  that  the  body  constantly  wastes  during  life ;  the  nature 
of  ^e  waste  products,  and  of  the  compensation  for  waste ;  the  essential 
cfaancters  of  food  stufiis. 

The  part  played  hj  oxygen  in  the  economy. 

The  numoer,  position,  and  uses  of  the  sensory  organs. 

The  nature  of  cilia  and  the  movements  to  which  thev  give  rise. 

The  physiological  properties  of  muscular  tissue.  The  modes  in  which 
musdes  give  rise  to  movements  and*  sustiun  the  body  in  the  erect 
posture. 

The  ph^sioloffical  properties  of  nervous  tissue.  The  general  functions 
of  the  brain  and  of  the  spinal  cord.   Local  and  general  death. 

Special  Physiology, 

The  circulatory  Organs, — The  arrangement  of  the  chambers  of  the 
heart  and  of  its  valves.  The  general  differences  between  arteries,  veins. 
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and  capUlaries.  The  ooune  ol  the  oixculation  of  the  blood  and  tiie 
reasons  why  the  blood  moves  only  in  one  direction.  The  meaning  of 
the  beat  of  the  heart,  of  the  pulse  m  the  arteries,  and  of  the  iet-like  flow 
of  blood  from  a  cut  arteiy.  The  eyidence  of  the  circulation  obtsuiable  la 
the  living  body. 

The  Blood. — ^The  phenomena  presented  by  blood  drawn  from  the 
body.  Hie  general  nature  of  the  corpuscles  of  the  blood.  The  general 
composition  of  the  blood.  The  difference  between  blood  and  lymph. 

Rewiration  and  other  processes  which  modtfy  the  condUiom  <f  the 
Blood.— The  obvious  differences  between  arterial  blood  and  venous 
blood.  How  venous  can  be  converted  into  arterial  blood  out  of  the  body. 
How  and  where  venous  is  converted  into  arterial  blood  in  the  body. 

How  the  air  which  leaves  the  lungs  differs  from  that  which  enters 
them.  The  general  nature  of  the  respiratorv  movements.  The  coone 
of  the  air,  when  breathing  takes  place  througn  the  nose.  The  conditions 
which  give  rise  to  asph^rzia. 

The  essential  composition  of  the  urine.  The  general  structure  of  tiie 
apiMratus  by  which  its  separation  from  the  blood  is  effected. 

The  essential  composition  of  the  sweat.  The  general  structure  and 
functions  of  the  skin. 

The  manner  in  which  the  blood  enters  and  leaves  the  liver.  The  pro- 
ducts yielded  by  Uie  liver  to  the  blood  direcUy,  and  through  the  medium 
of  the  alimentary  canal.  The  chief  characters  of  the  bile.  The  use  of 
tbejnll-bladder.  • 

The  source  of  the  heat  of  the  body.  The  manner  in  which  the  tem- 
perature of  the  body  is  distributed  and  regulated. 

AUmentatitm. — ^The  quantity  of  drv  solid  and  gaseons  aliments 
required  daily  by  an  adult  man.  The  classification  of  food  stoib.  The 
economy  of  a  mixed  diet.  What  becomes  of  proteid,  fatty,  amyloid,  and 
minoral  food  stuffs  respectively.  The  nature  and  functions  of  the 
salivary,  gastric,  and  pancreatic  secretions.  The  manner  in  which 
nutritive  matters  are  absorbed,  and  innutritions  matters  exoieted,  from 
the  alimentary  canal. 

Animal  Mechanics. — ^Ilie  different  kinds  of  levers  and  their  exempli* 
fications  in  the  body.  The  nature  of  joints,  with  examples  dT  b^  and 
socket,  hinge  and  pivot-joints.  The  conditions  of  the  production  of  the 
voice.   The  difference  between  voice  and  speech. 

The  Senses  and  their  Organs. — ^The  general  structure  of  the  organ 
of  touch.  The  means  of  measuring  the  acuteness  of  tiie  sense  of  toodi  in 
different  parts  of  the  body. 

The  general  structure  of  the  organs  of  taste  and  of  smelL  The  ex- 
ternal auditory  passage  and  the  ^mpanic  membrane.  The  tympanum 
and  how  it  opens  into  the  pharynx.  The  chain  of  ear  bones  ana  their 
connection  on  the  one  hand  with  the  lympanic  membrane,  and  on  the 
other  with  the  membrane  of  the  fenestra  ovalis.  The  form  of  the  mem- 
branous labyrinth  and  of  the  cochlea.  The  nature  of  the  endotfmph 
and  perilymph  and  of  the  otoconia.  The  relation  of  the  auditoiy  nerve 
to  the  labyrinth.  The  manner  in  whicK  the  impact  of  sound^wavte  oa 
the  tympanic  membrane  affects  the  auditory  nerve. 

The  eyelids,  and  the  manner  in  which  they  are  moved.  The  lachir- 
mal  apparatus.  The  form  of  the  eye  ball;  its  general  structure!,  and  tne 
functions  of  its  component  parts.  The  manner  in  which  the  movements 
of  the  ^^ball  are  effected.  The  blind  spot.  The  duration  of  luminous 
impressions.  Colour-blindness. 

Tie  Nervous  Syslem.— The  difllerence  between  the  oerebro-spmal  and 
the  sympathetic  systems.  The  nature  and  functions  of  the  roots  of  the 
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-spinal  nems.  The  evid^oe  thtt  the  spinal  eord  is  capable  of  effecting^ 
lefla  action.  The  natore  and  fVinotions  of  vaso-motor  nerv'es.  The 
most  important  fnnctional  pecdharities  of  the  meduUa  oblongata.  The 
eridenoe  that  the  higher  facilities  of  the  mind  have  their  seat  in  the 
hiam.  The  number,  names,  and  fdnotions  of  the  cerebral  nenres. 


SSCONO  StAQB  OB  AOVANCSD  G0UB8B. 

In  addition  to  the  preceding,  a  knowledge  of  the  following  suljects 
wDl  be  required : — 

Tkt  CkeKiatory  Syttm^ — ^The  minute  structure  of  the  organs  of 
ciicaUtion.  The  manner  in  which  thej  are  supplied  with  blood  and 
with  nerrous  energy.  The  pericardium. 

Hie  detailed  analTsis  of  uie  movements  and  sounds  of  the  hearty  and 
of  ihe  phenomena  of  the  pulse.  The  causes  of  blushin^^  and  of  pallor. 
Tlie  influence  of  the  respiratory  movements  on  the  circulation.  The 
eifect  of  irritation  of  the  pneumogastiio  nerve  upon  the  heart's  action. 

The  structure  of  the  lymphatic  vessels  and  glands,  and  the  connexion 
of  the  lymphatic  with  the  blood  vascular  system. 

The  Blood,  the  lAfnmk,  and  the  Chyle. — ^The  sizes  and  the  structure 
of  the  corpuscles  oi  these  fluids.  The  phenomena  which  they  exhibit. 
Their  probable  functions.  The  composition  of  the  blood  in  detail.  The 
nature  of  the  process  of  coagulation. 

Tie  Be^inratory  Syttem. — The  structure  of  the  thorax.  The  pleura. 
The  etmcture  of  the  respiratory  organs  and  the  distribution  of  the  blood 
through  them.  The  analysis  of  tne  respiratoiy  movements  in  detail. 
The  medianiam  by  which  coughing,  sneezings  sighing,  and  hiccoughing 
are  effected.  The  physical  and  chemical  processes  involved  in  the  con- 
ytnaaa  of  inspired  into  expired  air,  and  of  venous  into  arterial  blood. 
The  quantity  of  waste  products  excreted  and  of  oxygen  taken  in  by  the 
Inogs  in  twraty-four  hours.  The  rationale  of  ventdation. 

The  Urinary  System. — ^The  minute  structore  of  the  kidney,  ureter, 
and  bladder.  The  circulation  in  the  kidney  and  the  changes  which  the 
blood  undo^oes  in  passmg  through  it.  The  quantity  of  waste  products 
of  an  kinds  excreted  by  the  kidneys  in  twenty-four  hours. 

The  Skin. — The  minute  structure  of  the  skin,  of  the  hairs,  naOs,  and 
glands  connected  with  it.  llie  muscles  of  the  hair-sacs.  Tlie  quantity 
of  waste  products  excreted  by  the  skin  in  twenty-four  hours. 

The  Liver, — ^The  structure  of  the  liver,  and  the  course  of  the  blood 
through  it.  The  arrangement  of  the  ducts  of  the  liver.  The  composition 
of  the  bile,  and  the  quantity  of  that  fluid  secreted  daily.  The  fiinctions 
of  the  bile.   The  nature  and  uses  of  glycogen. 

The  Spleen  and  the  other  Ductless  Gtefu2».— The  structure  and  pro* 
bable  iuuctions  of  these  organs. 

The  AUmentary  Cona/.-- The  structure,  forms,  kinds,  and  succession 
of  the  teeth.  The  structure  and  functions  of  the  saiivaiy  glands.  The 
structure  and  functions  of  the  tongue,  the  soft  palate,  uvula  and  tonsils. 
The  pharynx  and  the  oesophagus  and  the  structure  of  their  walls.  The 
stomach,  its  form ;  the  structure  of  its  walls ;  its  glands  and  their  func- 
tions. The  divisions  of  the  intestine.  The  structure  of  its  walls.  Villi. 
Glands.  Peyer's  patches.  The  structure  and  functions  of  the  pancreas. 
The  peritoneum  and  the  nature  of  the  mesentery. 

The  details  of  the  digestive  and  absorptive  processes.  The  profits  and 
losses  of  the  economy,  and  how  they  are  balanced  during  health. 
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The  Muscular  System  and  Anknal  Mechanioi.-^Th^  tointtte  strtidnie 
of  fibrousj  oartilaginous,  bonf,  and  mascular  tissue. 

ThQ  physical^  cnemicfJ,  and  physiologieal  properties  of  muwde.  Rigor 
xnortiB.  The  mechanism  of  standing,  walking,  ranning,  and  jumping. 

The.  structure  and  working  of  the  larynx.  The  mode  in  which  eon* 
Bonantai  and  vowel  sounds  and  articulate  speech  are  produced. 

The  Senses, — ^The  structure  of  the  papills  of  the  skin^  and  of  the 
tactile  corpuscliBS.  The  muaeolar  sense,  llie  minute  structure  and 
nervous  supply  of  the  tongue  as  a  sensory  organ. 

The  stifticture  of  the  olfactory  oirgan.  The  nature  and  extent  of  the 
air  chambers  connected  with  it.  The  minute  structure  of  the  Schnei- 
derian  memteine  and  of  the  olfactory  nerve-fibres.  The  tnedianisni  of 
iBmelling. 

The  structure  of  the  ear.  The  external  ear  and  the  nmseles  whidi 
tnove  it*  The  muscles  connected  with  tiie  ear  bonee  «Dd.  their  actions. 
.The  mWte  structure  of  the  membranous  labyrinth  and  oochka.  Tlie 
iprebable  Himctions  of  these  organs. 

The  minute  structure  and  the  properties  of  the  various  ocmstitiienti 
•ad  coverings  of  the  eyeball.  Complementary  colours.  Phoosi^benes. 
Purkii^e's  figures.  Adjustment.  R^^utetion  of  light.  Double  vision 
with  one  eye. 

Sensations  and  Judjgments, — ^The  notion  of  roundness.  Subjective  sen- 
sations. Ventriloquism.  £rect  vision.  Double  vinon  and  smgle  vision 
with  two  eyes.  Judgments  of  distance  and  form.  The  ps^osoope 
and  the  stereoscope. 

The  Nervous  System. — ^The  structure  of  ganglionic  corpuscle  aod  of 
nerve  fibres.  The  structure  of  th^  investments  of  ^e  brain  aod  sfijusl 
cord.  The  minute  structure  of  the  spinal  cord.  The  general  diniosition 
of  the  histological  elements  of  the  brain.  The  names  and  positions  of 
the  larger  divisions  of  the  bnun  and  of  its  ventricles.  The  origins  and 
fiinqtions  of  the  spinal  and  cerebral  nerves  in  detail.  The  effect  of  euttiog 
the  spinal  cord  in  various  ways>  and  of  injuries  to  the  meduUa  oUon- 
gata.  The  effect  of  removing  the  hemispheres  of  the  brain.  Uncon- 
scious cerebration  and  acquired  reflex  action. 

Reproduction.' — ^The  structure  of  the  ovum  and  of  the  spennaioioon. 
The  process  of  yelk  division.  The  formation  of  the  bl|wtoaerm  and 
development  therefrom  of  the  body  of  the  embiyo,  with  amnion,  aUan- 
tois,  and  yelk  sac.  llie  nature  of  the  chorion,  of  the  decidua,  and  of 
the  placenta.  The  mode  in  which  the  foetus  is  nourished.  The  develop- 
ment of  the  heart  and  the  foetal  circulation.  The  changes  in  the  circula- 
tion which  take  place  at  bhrth.  The  lacteal  glands  and  lactatuon.  The 
modifications  in  the  proportions  of  the  b<Mly  from  birth  to  adult  a^ 
The  genearal  modifications  in  the  condition  of  the  skeleton  from  iti 
earliest  appearance.  The  notochord.  The  process  of  ossification.  Hie 
thymus  and  thyroid  glands.   The  two  dentitions. 

For  the  elementary  stage — 

Lessons  in  Elementary  Physiology,  by  T.  H.  Huxley,  18mo.,  4$.  Bd. 

(London,  Macmillan,  1868.) 

is  recommended  as  a  text  book. 

For  the  advanced  stage,  in  addi^n  to  the  above,  the  following  works 
are  recommended : — 
A  Manual  of  Physiology,  by  W.  B.  Carpenter,  12mo.,  12s.  W. 

(London,  Churohill,  4tii  ed.,  1865.) 
Handbook  of  Physiology,  by  W.  S.  Kirkes,  8vo.,  lis.  6d. 

(London,  Walton  and  MaborlyO 

Digitized  by  Google 


103 


Examination  for  Honours. 

Candidates  will  be  examined  in  any  subject  treated  of  in  the  standard 
English  works  upon  Phjsiolofff ,  such  as  : — 

Prineiples  of  Human  Physiology,  by  W.  B.  Carpenter.   8vo.   26j,  • 

(London,  Churchill,  6th  ed.,.1864.) 

Outlines  of  Human  and  Comparative  Physioloay,  by  J.  ManSifi. 
3  vols.   12mo.   32*.  (London,  Longman,  1867.) 


SUBJECT  XY.--200L0QY. 

N.B. — Students  should  have  been  instructed  in  the  elements  ofjAxf" 
siolo^  before  oommendng  the  study  of  Zoology.  After  May  1869  no 
candidate  will  be  passed  in  Zoology  unless  at  the  same,  or  at  a  prcTious, 
enmhiatibii  he  has  been  passed  in  the  elementary  stage  of  Animal 
Physiology. 

First  Stags  or  Elementary  Course. 

Questions  will  be  confined  to  the  following  topics : — 

The  characteristic  and  distinctive  features  of  the  following  groups  of 
wamalaz^Vertebrata,  Mammalia,  Aves,  R^tUia,  Amphibia,  Pisces, 
Artkn^oda,  Inseota,  Myriapoda,  Araehniia,  Crustacea,  Annelida,  Echi' 
nodetmata,  Rotifera,  Infusoria,  Spongida,  Foraminifera,  Ccelenterata, 
Hydrosoa,  Aeihno2oa,  Polyzoa,  Braehiopoda,  Lamellibranchiata,  Pttlmo- 
gasteropoda,  Branehio-gasteropoda,  Cephalopoda, 

(Candidates  will  be  expected  to  be  able  to  refer  any  British  member  pf 
one  of  these  groups  to  its  proper  group.) 

Itie  general  nature  and  arrangement  of  the  skeleton  (or  hard  parts)  in 
Fbrsmmfera,  Spongida,  Hydrozoa,  Aetinozoa,  Braehiopoda,  Lamellibran- 
cMata,  Gasteropoda,  Echinodermata,  Arthropoda,  Vertebrata. 

Tfae  genflral  nature  and  working  of  the  aiimentaiy  apparatus  observed 
in  InfMoria,  Hydrozoa,  Aetinozoa,  Polyzoa,  Gasteropoda,  AnneHdajArthrO' 
poioy  Pisces,  Aves,  Mammalia, 

The  general  structure  and  working  of  the  organs  of  circulation  and 
respiration  in  Lamellibranchiata,  Gasteropoda,  Crustacea,  Araehnida, 
Inseeta,  Pisces,  Amphibia,  Reptilia,  Aves,  Mammalia. 

The  general  nature  of  the  nervous  system  in  Botifera,  Echinodermata, 
Annelida,  Arthropoda,  Polyzoa,  Lamellibranchiata,  Vertebrata, 

The  principal  characters  of  the  organs  of  hearing  in  LamsUibranchiata, 
Crustacea,  Pisces,  and  Mammalia:  and  of  the  org^n  of  sight  in  Annelida, 
Araehnida,  Inseeta,  Gasteropoda,  and  Vertebrata. 

The  general  nature  of  the  process  of  development  in  Hydrozoa, 
LameUiSranchiata,  Crustacea,  Inseeta,  Amphibia,  and  Aves, 

Second  Stage  or  Advanced  Course. 

Questions  maybe  set  in  all  subjects  enumerated  under  the  Elementary 
Stage,  and  in  addition  on  the  following  topics : — 

The  characters  and  distinctive  peculiarities  of  the  Nematoidea,  AcaU' 
thocephala,  TurbeUaria,  Trematoda,  Ascidioida  (or  Tunicata),  Pteropoda, 
RadioUaria  (or  Polycistina),  Gregarinida,  Rhizopoda  :  and  of  the  principal 
anlidivisions  (orders)  of  the  Mammalia,  Aves,  KeptUia,  Amphibia,  Pisces, 
Inseeta,  Araehnida,  Crustacea,  Annelida,  Echinodermata,  Hydrozoa, 
Aetinozoa,  Braehiopoda,  LamelUbranchiata,  Gasteropoda,  Cephalopoda. 
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Befefenoe  of  any  speciineii  to  its  proper  class  and  oidflr. 

The  most  important  modifications  of  the  vertebrate  skdeion  obserr- 
jible  in  Pkarmucdranckii,  MarftpobramekU,  BlasmobramekH,  TeUottei, 
Ckdoma^  OpSima,  Aves,  MonotrenuUa,  Mamipkdia,  C^acea,  Chantp^ 
iera,  UngukUa,  Siadadtts  Mom. 

Tk»  leading  modifications  of  the  appendages  of  the  body  and  head  in 
fliA  JrHropoda, 

Hie  structure  of  the  test  in  Eckmus,  Uraster,  and  Comatula  (Antedm), 

Tke  structure  and  nomendatuie  of  the  parts  of  the  shell  in  Bruckiih 
poddf  Lmtelttbramehiata,  Gasteropoda,  and  Cephalopoda. 

The  structure  of  the  corallum  m  the  ^c^iaoi oa. 

Tlie  structure,  succession,  and  chief  forms  of  the  teeth  in  Ifois- 
wudia.  Tiie  dental  formulae  of  Man,  of  old  and  new  world  apes ;  of  tiie 
hedgehog,  the  dog,  the  cat,  the  horse,  the  ox,  the  pig,  tiie  rabbit,  sad 
Hie  rat. 

The  structure  and  mode  of  formation  of  ''whalebone." 
The  stnicture  and  movements  of  the  beaks  of  Aves  and  Ckdoma, 
The  poison  fangs  of  snakes  and  the  mechanism  by  whidi  th«7  are 
moved. 

The  teeth  of  ordinary  fishes,  of  sharks,  rays,  Ckimerte,  and  lamprey. 
Hie  alimentary  apparatus  of  the  Ruminantia,  and  the  mode  in  which 
it  works- 

The  leading  forms  assumed  by  the  circulatory,  respiratoiy,  renal, 
heratic^  and  salivaiy  orsans  in  the  animal  series. 

The  modifications  of  the  brain  and  of  the  sensory  organs  in  the 
Veriebata,  Arthropoda,  Cephalopoda,  and  Otuteropoda. 

The  leading  forms  of  the  reproductive  apparatus,  with  the  gepenl 
process  of  development,  in  Manunalia,  Ave$,  Aeptilia,  Amphibia,  Piteei, 
Arthropoda,  Annelida,  Echinodermata,  Drematoda,  T^miada,  Spoiupda, 
CteUalerata,  LameUibranchiata,PfUmoifasteropoda,Brttnchio^a$tercpoda, 
C^alopoda, 

The  distribution  of  animals.  The  principal  forms  of  animal  life 
cbaracteristic  of  Australia ;  of  South  America,  with  Mexico ;  of  Africa, 
south  of  the  Sahara ;  of  Hindostan ;  of  Central  Asia,  with  Europe  and 
North  Africa;  of  America,  north  of  Mexico ;  of  the  Atlantic,  the  Indo- 
Pacific,  the  Arctic  and  Antarctic  Oceans. 
The  broad  fiujts  relating  to  the  succession  of  animal  life  upon  the  gbbe^ 
Hie  natural  history  of  the  animids  which  supply  articles  of  com* 
jnerce* 

Examination  for  Honours. 

In  this  examination  questions  will  be  set  at  the  discretion  of  the 
JBxaminer,  who  will  have  regard  to  the  state  of  Zoological  teaching  in 
the  country  and  the  means  of  acquiring  information. 


SUBJECT  XVI.— VEGETABLE  ANATOMY  AND  PHYSIOLOQY. 

I.  First  Stags  or  Elsmbntart  Coursb. 

Distinctions  between  flowering  and  fiowerless  plants.  Growth  of 
flowering  plant  from  seed.    Plumule,  radicle,  cotyledons. 

Ascending  and  descending  axis :  axial  and  ^>pendieular  organs. 

Cells:  Parenchyma,  prosenchyma,  ducts,  spiral  vessels.  Vamilsr 
Bundles. 

Structure  and  growth  of  root  Spongioies. 
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Strocture  of  exogenous  stem.   Phby  wood,  bark,  medulkiy  nys. 
Epidermia.   Haira,  prickles. 

Nature,  position,  and  development  of  leaf  buds :  branches  and  spines. 

Venation  and  structure  of  leaves.   Stomates.  . 

Floral  organs,  protective  and  essential.   Sexes  of  plants. 

Structure  and  dehiscence  of  anthers.  Structure  of  pollen  grain. 
Evolution  and  course  of  pollen  tube. 

Stigma.  Ovule  :  nucleus  and  coats,  foramen.  Anatropous  campylo- 
trojpous  and  orthotropous  ovules.   Impregnation.   Embiyo  sac. 

Seed:  hilum,  chalaza,  rhaphe.  Albumen.  Embryo:  monoootyle- 
douous  and  dicotyledonous. 

Food  of  plants.  Course  of  sap,  osmose,  exhalation,  respiration  (by 
day  and  nignt),  assimilation.   Cambium  layer. 

Composition  of  cellulose,  starch,  sugar,  gum,  gluten^  chlorophyll. 

Li  the  earlier  course  these  subjects  should  be  taught  quite  genc»rallv,as 
they  occur  in  the  ordinaiy  type  of  structure.  All  exceptions  should  be 
reserved  fbr  the  higher  course. 

Sbcokd  Stags  or  Advanced  Coursb. 

Cell  development  by  division  and  free  cell  formation.  Protoplasm. 
Formation  of  ducts  and  vessels. 

Cell  contents.  Cytoblast  or  nucleus,  secondary  deposits,  air,  crystals, 
riiaphides,  chlorophyll,  oil. 

Circulation  of  flmds  in  cells. 

Functions  of  cells  and  vessels.   Intercellular  spaces,  latex  canals. 
Structure  of  trunk  of  climbing  nlants,  and  of  tree  ferns. 
Parasitical  plants;  leafy  and  leafless,  on  root,  stem,  bark, 
Devdopment  of  leaves. 
Abnormal  forms  of  stomates. 
Pollen  formation. 
Ovule  of  Loranthace». 

Jmpregnation  and  embryogeny  of  Conifers  and  their  allies. 

Reproduction  of  Cryptogams. 

Ph>pagation  of  planto  otherwise  than  by  seed. 

Physiology  of  flower;  absorption  of  oxygen,  evolution  of  heat. 

Imtabilitv  of  leaves,  tendrils,  stamens. 

Theory  of  manures. 

Differences  between  animals  and  plants. 

Examination  for  Honours. 

Questions  will  be  set  at  the  discretion  of  the  examiner,  who  will  have 
TCf^ard  to  the  state  of  botanical  learning  in  the  country  and  the  means  of 
aoquiring  information. 


SUBJECT  XVIL^SYSTEMATIC  AND  ECONOMIC  BOTANY. 

First  Stags  or  Elbmbntary  Coursb. 
A.— KorpStolocy. 
Aaoending  and  descending  axis. 

Root:  annual,  biennial,  perennial;  fibrous,  tuberous,  tap,  &c. 
Stem  :  woody  or  herbaceous ;  erect  or  creeping ;  corm,  bulb,  rhi- 

XOVI16. 
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Leaf:  entire  or  yarioiiBlj  eat ;  simple  or  compound ;  kinda  of  com- 
position.  Petiole,  blade. 
Stipules.  Tendrils.  Bracts. 

Inflorescence:  raceme,  spike,  catkin,  umbel,  capitulum,  coiymb, 
panicle. 

Flower ;  complete  or  incomplete,  uni-  or  bi-  sexual ;  regular  or  Irre- 
gular. 

Calyx  and  corolla :  poljr*  or  gamo-  sepalous  or  petalous ;  persistent  or 
deciduous ;  ralvate,  imbncatea  or  tmsted  in  estivation. 

Stamens :  number  and  relative  position ;  insertion,  cohesion,  fila- 
ment, anther. 

Ovnry  t  adherent  or  free ;  of  one  or  more  carpels,  uni-  or  multi-  loculv; 
number  and  cohesion  of  styles. 

Ovules :  solitary  or  numerous;  erect,  horizontal,  or  pendulous with 
axile,  free  central  or  parietal  plaoentation. 

Fruit:  dehiscent  or  indehiscent;  succulent  or  dry;  drupe^  herrf, 
achene,  capsule,  legume,  pod. 


B« — ClAMifleatlon. 

Dicotyledonea :  thalalamiflorse,  calyciflotei  oorolliflor»,  incompleta« 
Monocotyledones* 

Acotyledones :  acrogens,  thallogens. 

Distinctive  characters  of  the  largest  British  natural  oraersi  vii.:^ 
Ranunculaoeae.  Scrophulariaeee. 
Grudferse.  Labiate. 
Gaiyophyllee.  Orchide©. 
Leguminosae.  Liliacete. 
Rosaces.  Gyperaoese. 
UmbeUiferse.  Graminece. 
Gompositae. 


O^Boonomlo  BMuqr* 


The  candidate  will  be  expected  to  know 

?fenou8  to  Great  Britain  ana  Ireland,  as  well 
bllowing  list : — 


Wheat. 

Barley. 

Oats. 

Rye. 

lUce. 

Indian  com. 

Pea. 

Bean. 

French  bean. 

Pasture  Grasses. 

Glover. 

Turnip. 

Mangold. 

Hops. 

Tea. 

Goffee. 

Gocoa. 

Ghioory. 

Tobacco. 

Starch. 

Sugar. 


Gunik 

Caoutchouc. 

Gutta  Percha. 

Turpentine. 

Palm  oil. 

Goooanut  oil. 

Castor  oil. 

Olive  oil. 

Indigo. 

Logwood. 

Madder. 

Catechu. 

Galls. 

Oak  bark. 

Cotton. 

Flax. 

Hemp. 

Jute. 

Mahogany. 

Oak. 

Deal. 


the  economic  plants  iodi- 
as  those  contained  in  the 

Teak. 

Maple. 

Walnut. 

Opium. 

Quinine. 

Jalap. 

IpecMOuaaba. 

Aloes. 

Rhubarb. 

Senna. 

Nutmeg. 

Cloves. 

Pepper. 

Orange. 

Vine. 

Almond. 

Peach. 

Plum. 

Melon. 

Cucumber. 

Gourd. 
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Hm  use  of  the  product,  the  pert  of  the  plant  aflPording  it,  the  name 
and  nitunl  order  of  the  plant  which  yields  it,  ita  native  country  when 
wild,  and  when  cultivated  the  area  of  cultivation  will  be  expected  to  be 
known* 

Sbcond  Stags  or  Advanced  Courbb. 

Modifications  of  stem  structure  (as  in  cactus,  &o.) 

Modifications  of  leaf  structure :  Phyllodes,  pitchers. 

Morphology  of  cryptogams  :  frond,  thallus,  theca  or  spore-case,  soras, 

elater,  mycelium,  spore,  Sco, 
FhyDotazis. 

Tlieory  of  Inflorescence. 

Metamorphosis  of  flowers. 

Dimorphism  of  flowers. 

Principles  of  classification. 

Natural  flunily  or  order,  genus,  species,  variety. 

Variations  of  cultivated  ]^nts. 

Characters  of  all  British  natural  orders,  and  of  the  largest  and  most 

important  exotic  orders. 
Classification  of  Cryptogams:   characters  of  ferns,  Lycopodiacese, 

£<)uisetacee,  mosses,  Hepaticse,  Charaoeae,  Algae,  Lichens,  Fungi. 
Principal  economic  plants  belonging  to  each  natural  order. 
General  principles  of  geographiod  botany. 

Examination  for  Honours. 

QaestionB  tt  the  discretion  of  the  examiner,  who  will  have  regard  to 
the  state  of  botanical  learning  in  the  country  and  the  means  of  acquiring 
information. 


SUBJECT  XVIII.-.PRINCIPLES  OP  MINING. 

The  Art  of  Mining  embraces  so  wide  a  field  of  study  that  equal  prac- 
tical proficiency  in  its  various  branches  is  not  to  oe  expected  from 
persons  engaged  in  different  classes  of  mines,  nor  equal  knowledge  of 
Its  general  features  from  students  brought  up  in  districts  where  only  one 
or  another  branch  of  the  subject  is  pr^isea.  The  examination  papers 
win  therefore  contain  a  sufficient  variety  of  questions  to  suit  canoidatea 
belonging  Co  either  a  metalliferous  or  a  coal  oistrict. 

The  subject  at  large  being  properly  an  art,  or  application  of  various 
branches  of  science,  and  one  in  which  every  question  will  admit  of 
various  dejprees  of  proficiency  being  shown  m  the  replies,  the  higher 
numbers  will  be  awarded  only  to  those  answers  which  exhibit  the  greater 
amount  of  completeness  and  accuracy.  Curt  and  vague  answers  will  be 
but  of  Httle  value,  and  exactness  will  be  expected  in  all  that  relates  to 
numbers,  prices,  weights,  and  measures. 

Those  who  wish  to  gain  a  ffenenJ  knowledge  of  the  topics  for  exami- 
nation may  be  recommended  to  direct  their  attention  to  the  subjoined 
be»d8,  vis. : — 

First  Stage  or  Elkmbntart  Courss. 

1.  Geology  and  Mineralogy,  more  particularlv  those  portions  of  the 
sciences  which  bear  on  the  following  subjects, — ^the  nature  and 
position  in  the  earth's  crust  of  the  useful  minerals,  the  classes  of 
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rock  with  wbich  they  are  severally  associated,  the  apecial  character 
of  heaves,  throws,  troubles,  and  all  kinds  of  dislocation;  the  par* 
ticular  differences  between  beds  and  lodes,  and  their  minerals,  and 
the  chief  features  of  irref^lar  repositories. 

2.  The  methods  of  prospecting  and  searching  at  surface  for  ores  and 
other  minerals. 

3.  Breaking  rock  by  manual  labour  alone ;  various  forms  of  pick,  and 
of  hammer  and  wedge  employed  for  the  purpose.  Use  of  gun- 
powder and  other  explosives  ;  precautions  to  be  observed  in  boring 
and  in  firing  shots. 

4.  Depths  attained  by  mines  and  bore  holes  in  various  cases.  Geo- 
graphical distribution  of  the  chief  mining  districts. 

5.  Ventilation  of  mines,  why  important.  Composition  of  air,  carbonic 
acid  gas,  and  fire-damp ;  how  the  latter  noxious  damps  occur,  and 
what  precautions  against  them  should  be  adopted,  either  for  a  tem- 
porary purpose  or  permanently.  Reasons  of  a  natural  circulation  of 
air  to  some  extent  being  observable  in  all  mines.  Various  applica- 
tions of  water  to  aid  ventilation.  Means  of  applying  heat,  or 
machines  for  the  same  purpose. 

6.  Lighting  of  workings;  principle  and  construction  of  the  safety 
lamp. 

7.  Circumstances  under  which  water  enters  mines.  Working  of  ordi- 
nary pumps ;  special  requirements  of  pumps  for  mines.  Mode  of 
applymg  human  or  horse  labour  to  the  winding  of  water  and  stuff 
or  mineral ;  fixing  and  comparison  of  the  unit  of  work.  Water 
wheels  and  steam  engines,  variety  and  construction  of,  as  in  use  for 
mining  purposes. 

Carriage  or  conveyance  along  levels  and  inclines ;  barrows,  tiam- 
plates,  rails,  tubs,  or  wagons. 

General  features  of  winding  in  shafts  by  machinery. 

8.  The  form  and  dimensions  of  shafts  applied  to  various  purposes; 
sinking,  and  precautions  against  accident  from  falls  and  from  collapse 
of  sides. 

9.  Driving  of  levels,  drifts,  and  wind-roads ;  their  rate  of  inclination, 
breadth,  and  height  in  various  districts ;  methods  and  cost  of  arch- 
ing them,  and  of  timbering  or  wooding. 

10.  The  removal  or  exploitation  of  mineral  after  completion,  to  a  certain 
point,  of  dead  work;  stopes  and  pitches,  under  various  circum- 
stances. Pillar-working  at  various  depths,  and  other  forms  of 
extracting  coal  or  ironstone.  Main  considerations  of  safety  and 
economy  which  have  to  be  studied  in  adopting  a  particular  plan. 

11.  Means  of  security  to  be  adopted  in  shafts;  1st,  as  to  oonstradion 
and  fixing  of  ladders ;  2nd,  as  to  rules  and  arrangements  where  the 
men  ride  instead  of  climbing. 

Second  Stage  or  Advancbd  Course. 

1.  Details  as  to  the  form  in  which  the  useful  minerals  are  accumulated ; 
stratified  deposits ;  alluvial  or  stream-works ;  lodes  and  their  various 
directions ;  pipes  and  other  irregular  repositories.  Examples  of 
remarkable  localities;  true  sectional  drawings  or  profiles  to  be 
studied.  Examples  of  heaves,  and  alleged  laws  accoraing  to  which 
they  have  taken  place.  Composition  and  physical  state  of  the 
containing  rock  or  **  country.** 
.  2.  Exploring,  shoading,  and  costeanin^.  Grounds  for  opjinion  in 
the  re-opening  of  old  mines;  preliminary  operations  in  virgin 
districts. 
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3.  Breaking  of  ground ;  the  various  implements  employed^  their  form, 
dimensions,  and  weight;  boring  for  shots;  the  various  modes  of 
firing  charges.  Heavy  charges,  how  calculated  and  fired;  rules  for 
ensuring  safety.    Drilling  and  coal-cutting  machines. 

4.  Deep  boring,  under  what  circumstances  applicable, — apparatus  for; 
description  of  varieties  in  use ;  lining  of  bore-holes. 

5.  Management  and  supervision ;  parent  of  men  employed  at  mines> 
at  surface  and  underground,  varymg  in  principle  with  the  difPbrent 
classes  of  operation ;  reasons  for  tut-work  or  piece-work,  and  tribute 
or  bing-tale  under  different  circumstances.  Calculations  for  cost  of 
driving,  sinking,  tramming.  Sec, 

6.  Physical  principles  of  ventilation;  practice  of  mines  where  simple 
natural  ventilation-  is  employed ;  ventilation  of  large  areas  and  of 
deep  or  comphcated  workings  by  guiding  the  natural  current; 
artificial  means,  and  their  details,  for  promoting  ventilation.  Pre- 
cautions to  be  taken  under  specially  dangerous  conditions. 

7.  Illumination,  of  various  kinds,  their  economy;  safety  lamps  in  all 
^eir  best  modifications ;  circumstances  under  which  "they  should  be 
empl<>yed ;  precautions  in  their  use. 

8.  Mechanical  division  of  the  subject.  Strenfirth  of  materials  used  in 
mines;  human  and  horse  power,  principles  and  construction  of 
machines  to  which  they  are  applied.  Hydraulic  machines :  con- 
struction of  the  water-wheels,  turbines,  and  pressure  engines  most 
suitable  to  the  various  operations  of  mining.  Steam  engines,  for 
pumping  and  for  winding ;  arrangement  and  construction  of  the 
varieties  most  in  use.  Form  and  dimensions  of  boilers.  Pumps 
employed  in  mines,  mode  of  placing  them ;  construction  of  the  lifts ; 
materials  and  details  of  the  rods,  set-offs,  counterbalances,  cisterns, 
and  catches.  Circumstances  under  which  dams  are  erected  in  shafts 
or  levels ;  mode  of  building  them. 

Tubbing  of  water  from  shafts ;  conditions  under  which  it  may 
be  done ;  details  of  the  operation  with  various  materials,  wood,  brick, 
stone,  cast  and  wrought  iron. 

Rahsf  waggons,  and  tubs  for  underground  conveyance ;  employ- 
ment of  horses  and  of  fixed  steam  engines  for  this  puq)ose. 

Raising  of  the  mineral  tlirough  the  shafts ;  various  methods  in 
use ;  chains,  ropes  (of  hemp  or  wire),  their  weight,  &c.  Details  of 
the  best  application  of  drums,  cages,  guides,  keeps,  and  safety  doors. 
Piille^  and  shaft;  frames  or  poppet  heads ;  protection  against  over- 
windmg ;  safety  clutches,  &c.  in  case  of  breakage  of  rope. 

9.  Opening  of  ground;  quarries  and  open  work;  driving  of  levels^ 
various  dimensions  and  directions  according  to  circumstances; 
sinking  of  shafts,  inclined  or  perpendicular ;  advantages  of  either 
kind  under  certain  conditions ;  means  of  securing  levels  and  shafts 
by  timber  or  by  walling ;  detaUs  of  the  various  methods.  Driving 
or  sinking  in  neavy  or  running  ground. 

10.  Working  excavations;  plan  of  laying  them  out,  and  means  of 
security  to  be  adopted  whilst  they  are  kent  open.  This  will  include 
the  stoping  of  metalliferous  veins,  and  the  various  modifications  of 
post  and  stall,  long-work,  &c.,  which  are  applied  to  stratified 
deposits. 

11.  Travelling  in  shafts;  prevention  of  accidents  by  proper  fitting  and 

dividing ;  mode  of  placing  ladders  and  sollars ;  lifting  machine  for 
men,  construction  and  advantages  of. 

12.  Dressing  of  minerals.  Arrangement  of  dressing  floors.  Construc- 
tion of  crusher  and  stamps ;  washing  of  coal ;  jigging.,  concentration, 
and  separation  of  metalbc  minerals. 
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Examination  for  Honours. 

QuestioDB  will  be  set  at  tbe  discretion  of  the  Examiner^  who  will  have 
t^i^ard  to  a  general  knowledge  of  mining  as  carried  on  in  ^is  and  other 
countries^  and  may  require  certificates  nrom  employers  as  to  practical 
work. 

The  student  may  be  advised  among  other  sources  of  information  to 
consult  the  following  works : — 

Manual  of  Geology,  by  J.  Phillips.   8vo.    125.  6d, 

(I^ndon,  Griffin,  1855.) 
Laws  regulating  the  Deposition  of  Lead  Ore  in  Veins,  by  W.  Wallace. 
8vo.   25s.  (London,  Stanford,  1861.) 

TSreatise  on  Mining  Engineering,  by  G.  C.  GreenweU.   4to.  50«. 

(London,  Spon,  1856.) 
Coal  and  Coal  Mining,  by  W.  W.  Smyth.   8vo.   7s.  6d, 

(London,  Strahan,  1869.) 
Metallic  Wealth  of  the  United  States,  by  J.  D.  Whitney.   8vo.  16*. 

(London,  Tnibner,  1854.) 
QMogie  Appliqu^e,  par  A.  Burat.   2  vols.   8vo.  17«. 

(Paris,  Langlois,  4th  ed.,  1859.) 
Die  Lehre  von  den  Brzlager^ixtten,  von  B.  von  C^tta.   2  vols.  8vo. 
lbs.  (Leipzig,  Felix,  2nd  ed.,  1861.) 

Besides  these  the  various  reports  of  H.  M.  Inspectors  of  Coal  Mines, 
and  the  evidence  given  before  Committees  of  the  Houses  of  Pariiament 
on  Accidents  in  Mines,  may  be  studied  with  advantage. 


SUBJECT  XIX.— METALLURGY; 

For  the  first  stage  or  elementary  course  the  student  will  be  expected 
to  answer  questions  under  the  following  heads,  exclusive  of  those  in 
italics. 

The  second  stage  or  advanced  course  will  include  these.  The  student 
wilfalso  be  required  to  make  sketches  and  name  unlabelled  specimens. 

For  honours  the  candidates  will  be  asked  questions  at  the  discretion  of 
the  Examiner,  who  will  have  regard  to  the  present  state  of  metaUmrgical 
scienoe  as  carried  on  in  this  and  other  countries. 


Introductory  Subjbctb. 

Physical  Properties  of  Metals.— Phpical  State.  Action  of  Heti 
Specmo  Gravity.  Crystallization.  Vaneties  of  Fracture.  Malleability. 
Ductility.  Tenacity.  Toughness.  Softness.  Elasticity.  Conduction 
of  Heat  and  Electricity.  Capacity  for  Heat.  Expansion  by  Heat 
Opacity.    Lustre.  Colour. 

Classification  of  Metallurgical  Processes. — Explanation  of  the  terms 
ore,  "  native "  veinstu£P,  matrix  or  gangue,  dressing.^*  Reduction. 
Smelting.  Flux  and  Slag.  Regulus.  Speise.  Roiuting.  Distilla- 
tion.  Sublimation.  Liquation. 

Slags. — ^Atomic  constitution  of  silicates.  Constitution,  external  cha- 
racters, brittleness,  toughness,  colour,  and  fusibility  of  slags.  The 
fusibility  of  certain  compounds  not  containing  silica,  almninates,  &c. 
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Bflp^ozide  of  iron  and  limfi.  Fluor  spar  i«  »  fiux.  MtUhtg  pemtM  qf 
iilumim  as  mdieaied  by  the  fumm  of  alloys  of  gold  and  pUMium,  Sup^ 
poMtd  mUpkosiUcates, 

Natural  Refractory  Materials  employed  in  the  Gonstruetioii  of  Cru- 
cibles, Retorts*  Furaaoes,  &c.  Fire  Clays. — Approzimirte  oompositioQ. 
Mode  of  testing.  Crudbles.— Earthen  or  clay  crucibles.  Stourbridge 
eky  ameibks.  Comuh  cruoUfks,  London  erueibUt,  Hesman  cruMlH* 
Frmoh  crueibleM.  Belgian  eruciblea.  Graphite,  black-lead,  or  plumbago 
crooibks.  lining  crucibles  with  carbon.  Furnaces.— Sefstoom's  blast 
fnmsoe.  DemU^n  bloit  fumaee.  Fire  BrickSy  &o. — Stourbridge  fire- 
brick, Dinaa  fire-brick.  Sand  and  sandstones. 


Fuel. 

The  calorific  power  of  Aiel.  Ber^ier's  process  of  estimating  the 
edorific  power  of  fuel.  The  calorific  intensity  of  fiiel,  and  theoretical 
computation.  Wood. — Kinds  of  wood  employed  as  fae\.  Elementary 
composition  of  dry  wood,  {^portion  of  water  in  wood.  Specific  gravity 
of  wood.  Proportion  and  approximate  composition  of  the  ashes  of  wood. 
The  rapidity  of  growth  of  Wix>d.  Weight  of  wood.  Cutting  and 
storiog  of  wood  intended  as  Aiel.  Peat  or  Turf. — Specific  gravity  of 
pett.  Compoaition  of  peat.  Approximate  composition  of  the  ashes  of 
peat.  ProxinuUe  cotnposition  of  peat.  Extraction  and  desiccation  of 
pest.  Coal. — Definition  of  coal.  Approximate  composition  of  the 
vka  of  coal.  Lignites.  Clamjlcation  of  lignites  according  to  external 
clataeters.  Approximate  composition  of  hffnites.  Bituminous  coals. 
Caking  coal.  Free  burning  coal.  Cannel  coiu.  Anthracite.  Fibrous  and 
granukBT  matter  in  coals.  Composition  of  bituminous  coals  to  be  given 
geoersll^  and  approximately  for  each  class.  The  occurrence  of  certain 
metals  tn  peat  and  coals,  Fr^m's  chemical  researches  on  combustible 
minerals.  Charcoal. — Specific  heat  and  specific  gravity  of  charcoal. 
Ptoximate  composition  of  charcoal.  Various  modes  of  charcoal  burning. 
Charcoal  burning  in  piles  or  stacks.  Chinese  methods  of  charring  in  pits, 
Yidd  of  charcoal  by  volume  and  bv  weight.  Influence  of  temperature 
upon  yield.  Theory  of  charcoal  iuming  in  circular  and  rectangular 
piles.  Peat  charcoal  or  coke.  Carbonitation  ^  superheated  steam. 
Coke.^-Properties  of  coke.  Approximate  composition  of  coke.  Presence 
of  water  in  coke.  General  {principles  concerning  the  preparation  of  coke. 
Coking  in  circular  piles^  in  long  piles  or  ridges,  and  in  large  open 
nctangular  kifais.  Coke  ovens.  Coa^s  coke  oven.  Coke  oven  of  the 
Brothers  Appolt.  Composition  and  economic  application  of  the  waste 
gases  of  coke  ovens.  Davis*  Breeseoven.  Mineral  charcoal.  Coking  of 
n<m-oaldDg  coal  slack  by  admixture  with  pitch.  Collection  of  prodnets 
pf  economie  vakte  generated  during  the  process  of  coking.  Desulphuriza- 
tioaofcoke.  Combustible  Gases. — Carbonic  oxide.  Hydrogen.  Hy- 
drocarbons. 

Comparison  of  fuels  in  regard  to  calorific  power.  Calor^  power 
talsukUedfirom  ultimats  composition. 

COPPBR, 

Physical  and  chemical  properties.  Specific  heat.  Linear  dilatation  by 
hesi.  Action  of  heat.  Atomic  weight.  Action  of  oxygen.  Dioxide; 
F^^toxide;  dioxide  and  protoxide  of  copper  heated  with  silica. 
Borates  of  copper,  Disulmiide.  Disulphiae  of  copper  heated  witii 
aeosss  of  air.  Theory  of  tne  process  of  beating  disidphide  of  copper 
with  free  access  of  air,  or  roasting.  Disulphiae  of  copper  heated  in 
admixture  with  dioxide,  protoxide,  or  sulphate  of  copper.   Dioxide  of 
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copper  heated  with  protosulphide  of  iron  and  sUica,  Ditulphide  of  copper 
•exposed  to  the  action  of  hydrogen  and  water  at  high  temperatures,  Metaltie 
copper  exposed  to  the  action  of  the  vapour  of  water  at  high  temperatwres, 
Bisulphide  of  copper  heated  with  carbon,  with  iron,  with  rine,  with  lead, 
with  tin,  with  antimong.  Copper  heated  with  tersulphide  qfantimMiy. 
Bisulphide  of  copper  heated  with  nitre,  with  caustic  soda,  with  carbonate 
of  soda,  with  baryta  or  Ume,  with  cyanide  of  potassium.  Copper  and 
moxide  of  copper.  Copper  and  carbon.  Overpoled  copper.  Copper 
and  nitrogen.  Copper  and  phosphorus.  Copper  and  arsenic.  Copper 
and  silicon.  Specmc  gravity  of  copper.  Electric  conduetimty  of 
copper.    Influence  of  various  foreign  matters  on  electric  conductivity. 

Ores  of  Copper. — Physical  characters  and  chemical  composition  of: 
Native  copper.  Red  oxide  of  copper.  BUck  oxide  of  copper.  Green 
carbonate  of  copper  or  malachite.  Blue  carbonate  of  copper.  Vitreous 
or  grey  sulphide  of  copper.  Purple  copper  ore.  Copper  pyrites  or  yeQov 
copper  ore.  True  grey  copper  ore  or  ndilerz.  ChrysocoUa.  Atawute. 
Copper  ores  of  Cornwall  and  Devon.   Meaning  of  the  word  Standard. 

Assaying  qf  copper  ores  by  dry  and  wet  methods.  Con^mrative  results 
by  Cornish  and  wet  methods. 

Copper  Smelting. — In  Reverberatory  furnaces :  The  Welsh  Process.— 
Furnaces  employ^ ;  calciner,  melting  fiimaoe.  The  reactions  wfaidi 
occur  in  the  process.  Calcination ;  composition  qf  the  gaseous  products 
which  escape  from  the  ore-calciner.  Melting  of  the  calcined  ore ;  external 
characters^  and  composition  of  coarse  metal  and  ore-furnace  slag.  Spee^w 
gravity  of  the  coarse  metal  and  ore-furnace  slag.  Calcination  of  the  na- 
nulated  coarse  metal ;  Melting  of  calcined  granulated  coarse  metal ;  white 
metal,  blue  metal,  metal-slag.  Moss-copper.  Roasting;  blistor-copper, 
roaster-slag.  Best  selected  process.  Renning.  Elimination  of  the  fid- 
lowing  Foreign  Meteds  during  the  Welsh  Process  of  Copper  Smelting.— 
Arsenic,  antimony,  tin,  nickel,  cobalt,  gold,  and  silver.  Various  proposed 
improvements  in  Copper  Smelting  Furnaces,  Napier's  process.  Method  of 
smelting  proposed  by  MM.  Eivot  and  Philhps.  Smelting  rich  cupper 
slags  in  a  blastfurnace.  In  Blast  Furnaces  :  In  Japan.  In  Sweden.— 
Furnaces  employed  ;  ore-furnace,  black  copper  furnace,  refining-heaith. 
llie  processes  of  roasting  or  calcination,  ^sion  of  the  roasted  ore, 
roasting  of  the  regulus  Arom  the  last  operation,  fusion  for  black  copper, 
refining,  and  toughening.  Copper  rain.  Loss  in  smelting.  Smeltiug 
of  copper  schist  in  Prussian  Saxony.  Copper  smelting  in  Perm  in  Aunts. 
Cupriferous  pig  iroft.  Theory  of  the  process.  Kemelroasting  at  Agordo. 
—Composition  of  the  ore.  Roasting.  Styrian  kilns.  Mode  of  charging. 
Changes  wlUch  the  ore  undergoes  during  roasting.  Theory  of  the  process. 
Wet  methods  of  extracting  copper :— Precipitation  of  copper  from  soMon 
by  iron.  Bankart's  process.  Wet  process  by  M,  Escalle.  Hdhner's  patent. 

Loss  of  copper.    Impurities  occurring  in  commercial  copper. 

Zinc  or  Spbltbr. 

Physical  and  chemical  properties.  Atomic  weight.  Action  of  oxygen. 
Action  of  water  on  zinc.  Oxide  of  zinc.  Reduction  of  oxide  of  sine  by 
carbon,  carbonic  oxide,  and  hydrogen.  Silicates  of  gine.  Reduction  qf 
silicate  of  sine  by  carbon.  Oxide  of  zinc  heated  with  borade  add. 
Sulphide  of  zinc  heated  with  access  of  air,  with  oxide  of  zinc,  with  car- 
bon,  with  various  metals,  in  the  vapour  of  water,  with  carbomie  acid, 
with  nitre  or  nitrate  of  soda,  with  caAionate  of  potass  or  soda,  with  lime. 
Zinc  and  phosphorus.   Zinc  and  arsenic. 

Ores  of  Zinc. — Physical  character  and  chemical  composition  of:  Cala- 
mine.  Electric  calamine.    Blende.   Red  sine  ore^ 

Methods  of  assaying  Ores  of  Zinc, 
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Methods  of  Extracting  Zinc. — English  Process, — Roastina  or  ctUcina" 
tion  of  the  blende.  Pots  and  condensing  tubes.  Reduction  house.  Mode 
of  wuiing  the  pots.  Mode  of  charging  the  pots,  and  management  of  the 
fwnme.  Treatment  of  the  rough  zinc.  Silesiaii  Process. — Retorts  and 
appendages.  Clay  nozsles  or  condensers.  Laggins  or  stoppers.  Iron 
appendages.  Description  of  the  furnace.  Caldner.  Distillation  of  zinc. 
MeltiDg  of  distilled  zinc.  Belgian  Process. — Retorts  and  appendages. 
DeBcription  of  the  furnace.  Carinitkian  Method.  Zinc  Jvme.  Mont^ori 
finece.  Foreign  matter  in  commercial  zinc.  Proposed  improoemenis 
ta  the  estraetion  of  stnc. 

Brass.— Definition.  Malleabilitj.  Process  of  stamping.  Dead-di|)- 
pinK.  Physical  properties  of  various  alloys  of  copper  and  zinc.  Manu- 
facture of  calamine  brass.  Direct  preparation  of  brass.  Muntz*s  metal. 
Defects  occurring  in  brass.   Colouring  and  lacquering. 


Physical  and  Chemical  Properties.  Magnetism.  Tenacity  or 
tensile  strength.  Specific  heat.  Dilatation  by  Heat,  Action  of  neat. 
Welding.  *•  Burnt  Iron."  Crystalline  and  fibrous  iron.  Effect  of 
cold  hammering  upon  iron.  Atomic  weight.  Iron  and  oxygen. — 
Protoxide;  sesquioxide  or  red  oxide;  hydrated  sesquioxide;  magnetic 
oxide ;  iron  scale,  or  hammer  slag.  Ferric  Acid,  Iron  and  Water. — Preser- 
vation of  iron  from  rust.  Iron  and  Sulphur. — Bisulphide  ;  protosulpbide ; 
protosulphide  exposed  to  the  action  of  vapour  of  water  at  a  high  tern- 
perahare,  Protosulpbide  of  iron  heated  with  carbon,  with  sesquioxide  of 
trtm,  with  sulphate  of  protoxide  of  sesquioxide  of  iron,  with  protoxide  of 
lead,  with  other  metallic  sulphides,  with  silica,  with  silica  and  carbon, 
Sesquisidphide  :  bisulphide ;  or  iron  pyrites.  Magnetic  pyrites.  Sulphate 
of  protoxide  of  iron,  copperas,  or  green  vitriol.  Neutral  tersulphate  of 
sfsouiomde  of  iron.  Sulphides  of  iron  roasted  with  access  of  air.  Iron 
and  Nitrogen. — Kesults  of  experiments.  Passivity  of  iron.  Iron  and 
Phosphorus. — Phosphides  of  iron.  On  the  action  of  carbon  on  iron  con- 
teimig  phosphorus.  Phosphate  of  protoxide  of  iron.  Phosphate  of 
sesquioxide  of  iron.  On  the  action  of  iron  at  a  high  temperature  upon 
phosphate  of  lime  in  4 he  presence  of  carbon.  Ditto  in  the  presence  of 
carbon  and  free  silica.  6ti  the  action  of  phosphorus  on  iron  containing 
sf^fhur.  Iron  and  Arsenic.  Case-hardening  of  iron  or  steel  by  arsenic, 
Silicon.  Silicon  and  nitrogen.  Manganese  and  Silicon.  Iron  and 
Silicon. — Reduction  of  silica  by  carbon  in  the  presence  of  oxide  of  iron 
and  other  bases.  Protoxide  of  iron  and  silica.  Reduction  of  silicate  of 
protoxide  of  iron  by  carbon.  Silicate  of  sesquioxide  of  iron.  Trib€uic 
nfieate  of  protoxiae  of  iron  heated  with  access  of  air.  Liquation  of 
nUeate  of  protoxide  of  iron  containing  phosphorus.  Protoxide  of  iron  and 
boraeie  actd.  Sesqmoxide  of  iron  andboracic  acid.  Iron  and  Carbon.— 
Modes  of  effecting  the  combination  of  carbon  with  iron.  Cementa- 
tion. Action  of  carbonic  oxide  t/tpon  iron.  Action  of  solid  carbon  tqton 
In  an  atmosphere  of  carbonic  oxide.  In  an  atmosphere  of  hydrogen. 
Amount  of  carbon  in  iron.  Maximum  amount  of  carbon  capable  of 
being  taken  up  by  pure  iron.  Iron,  manganese,  and  carbon.  Modes  of 
sxiskoce  of  carbon  in  iron,  grey,  white,  and  mottled  cast  iron.  Chill- 
casting.   Spiegeleisen,  or  specular  cast  iron.  Action  ofsiUcon  and  of  sul- 


by  fusion  with  sesquioxide  of  iron  alone,  and  with  the  addition  of  man- 
ganese.  Carbonate  of  protoxide  of  iron.  Action  of  dilute  sulphuric  or 
hydrochloric  acid  on  white  and  grey  cast  iron.  Action  of  sea  water  on 
cast  iron. 

Alloys  of  Iron. — Iron  and  copper.  Iron  and  zinc.  Process  of  zincing 


Iron. 


Abstraction 
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or  galvanising  iron.  Iron,  oopper,  and  zino.  Keir^s  patent.  AkkmM. 
8terr(Hnetal,  Iron  and  tin.  Hardemng  the  tops  of  raUs  with  0^ 
Stirling's  patent.  Action  of  tin  on  cast  iron.  Iron  and  maogaocse; 
titanium:  lead:  bismuth:  nickel:  cobalt:  mercury:  siher:  9M: 
platinum:  rhodium:  aluminium:  chromium:  tungsten. 

Ores  of  Iron. — PhyBical  properties  and  chemical  composition  of:-* 
Magnetic  oxide  of  iron,  magnetite.  Franklmie,  Red  haematite,  nd 
ore  or  aniiydrous  sestiuiozide  of  iron.  Brown  h«matite,  brown  iron  ore, 
or  hydrated  sesquioxide  of  iron.  Spathic  carboniite,  or  sparry  iron  ore. 
Argillacious  iron  ores,  clay  or  clayband  ironstones. 
Assaying  qfiron  ores  by  dry  and  wet  methods. 
Direct  Extraction  of  Iron  in  the  Malleable  State  from  the  Ore.—- Inn 
Smelting  in  India,  Burma,  Borneo,  Africa,  and  Madagaaear.  Ostalaa 
Process;  trompe,  or  blowing  machine.  Its  advantages  and  ditad* 
vantages.  Water  wheel,  hammer,  and  anvil.  Theory  of  the  process. 
Conditions  affecting  the  quality  of  the  iron  produced.  Characters  of  &e 
iron  produced.  The  Osmund  furnace.  Stiickhofen  or  High  Bloomeiy 
Furnace.  Clay's  process.  Renton's  process.  Chenofs  process.  Indirect 
Extraction  of  Iron  in  the  State  of  Cast  Iron  from  the  Oro. — Swedish 
charcoal  blast  Jumace:  mine  kiln.  Pressure  of  the  blast.  Ten^erature 
of  the  blast.  Iron  ores  employed.  Most  important  iron  mines  in  Sweden, 
Smelting  of  lake  and  bog  iron  ores  in  Sweden,  Description  of  the  modem 
blast  furnace ;  foundation,  hearth,  twyer  openings,  tw^er,  tunnel  head, 
bracing,  blast  main,  and  blast  pipes,  blast  engines,  Cmder  tubs.  CAe* 
mical  phenomena  of  the  modem  blast  furnace.  Hot  Blast. — Neilson'ft 
patent.  When  first  put  into  operation.  Apparatos  for  heating  the  blsst. 
Neilson's first  apparatus.  Cast-iron  tubular  oven.  Syphon  pipe,  box-foot 
pipe,  spiral  pipe,  and  pipC'Within-pipe  oven.  Gag  oven.  Round  or  ooel 
oven.  Theory  of  the  hot  blast.  Saving  of  fiieL  Water-twyers,  The 
Gases  of  Iron-smelting  Blast  Furnaces. — Composition  of  the  gases 
of  the  Furnace.  Production  of  cyanogen  in  the  blast  furnace.  Tem- 
perature of  the  blastfurnace  at  different  depths.  Utilization  of  the  gases 
escaping  from  blast  furnaces.  "  The  waste  gas."  Modes  of  taking  off 
the  gases  with  open-mouthed  and  with  close-mouthed  furnaces.  Solid 
matter  carried  over  with  the  waste  gas.  The  best  form  of  the  blast 
furnace.  Decrease  in  volume  which  the  materials  undergo  daring  tlieir 
descent.  Ellipticsl  fiimaoe.   Rectangular  or  Rachette  furnace,  SUnmg 


in  the  working,  scaffolding,  and  slips.  Loss  of  iron  in  the  slag. 
Indications  afforded  by  colour  of  slags.  Spontaneous  ditmUegraium. 
Potash  in  slags.  Accidental  products  of  blast  fiamaces.  SiUea, 
Furnace  cadmia  or  calamine,  Cyanonitride  of  titamum,  GrqpMi  or 
kish.  Reduction  of  phosphoric  acid  in  the  blast  fumaoei,  and  passige 
of  the  phosphorus  into  the  pig  iron.  Economical  applioation  of  UMt 
furnace  skws.  Effects  of  long  continued  heat  upon  fomdstone  m  the  kmik 
bottom,  SubstUution  of  /mm  for  limestone  as  a  flux.  Jpphoa^  if 
chloride  of  sodium.  Explosions  in  blast  fiimaoes.  Poisoning  by  gsi 
accidentally  esoapingfrom  blast  ftimaoea.   Yields  of  blast  furnaces. 

Various  iduds  of  Fig  Iron* — Spiegeleisen.  Pig  iron  made  fr<nn  mag- 
netic iron  OK.  Do.  tern  red  hssmatite.  Do.  ,^oai  brown  heematite.  Pif 
iron  produced  exchuioely  from  Northamntonskire  ore.  Do.  wh^  at 
chiefly  from  argillaceous  iron  oro  of  tne  coal  meaaurea.  Yorimre. 
Derbyshire.  South  Staffordshire.  North  StafordsUre,  South  Wales, 
Do.  from  Cleveland  ore,   TUantferous  pig  iron. 

Function  of  Malleable  Iron  from  Cast  Iron. — South  Welsh  pioeassj 
the  hollow  fire.  Swedish  Lancashire  Hearth »  Walloon  prooesst  as  eon* 
ducted  in  Sweden.  Carinthian  process.  Slags  or  cinders  prodooed  in 
finery  proceaaes.   Running  out  fire  or  refineiy ;  oompontion  of  refined 


in  a  blast  furnace,  Ta] 


Sand-bed  for  casting.  Derangeoaott 
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iron ;  do.  refineiy  slags  or  oiii4en«  Paddling ;  puddling  furnace.  In- 
vention of  iron  bottoms s  manipulation;  theory  of  the  process;  com- 
position of  tap  cinder ;  invention  of  the  boiling  process ;  double  pud- 
dling furnaces.  Meekanical  puddling,  JppUeaHon  of  waste  blast 
fwnuice  gas  to  puddling,  Siemens*  gas  puadUng  furnace;  principle 
of  thtfitrnaee.  The  gas  producers.  Construction,  Puddling  with  dned 
wood.  Stamaing  and  assorting  puddled  balls.  Utilisation  of  the  waste 
heat  of  puadUng  fumaees.  Working  of  the  Ball. — Forge  hammers; 
tilt  hammers.  Helves  or  lift  hammers.  Steam  forge  hammers;  Nasmyth's, 
Condie's,  Squeezers;  crocodile.  Hohsontal  rotaiy.  Vertical  rotarj. 
Brown's  shingling  machine.  Puddling  or  puddle  roUs.  Composition  qf 
puddled  bars.  Working  of  the  Puddled  Bar  into  Merchant  or  Finished 
utm, — Rdieating  furnace;  with  coal  as  fuel.  With  gaseous  fuel,  or 
gss-weldmg  funiaoe.  Piling.  Accidents  in  rolling  miUs.  Yield  of 
psddkd  and  finished  iron,  Manufscture  of  rails.  Composition  of  the 
cinder  from  the  reheating  fitmace. 

Varieties  of  Sheet  Iron  and  Slit  Rods. — Tin  plates.  Charcoal  plates. 
Coke  plates.  Belgian  sheets,  Russian  sheets.  Slit  rods.  Special 
QnslitieB  of  Iron. — South  Yorkshire.  Process  of  manufacture  at  Low- 
moor,  Bowling,  and  Famley.  South  Staffordshire.  Swedish  iron, 
Damtemora.  Russian  iron.  Boat  plates.  Armour  plates ;  rolled;  ham^ 
mered.  Mending  broken  rolls. 

Permanent  expansion  of  cast  iron  by  exposure  to  long  continued  heat 
at  or  above  redness.   Dilatation  of  cast  iron  by  heat. 

Production  of  Steel. — By  the  Addition  of  Carbon  to  Malleable  Iron : 
In  the  direct  reduction  of  iron  ores  at  one  operation.  In  the  Catalan 
process.  In  crucibles.  In  converting  furnaces.  Cerburization  of  iron 
81  a  distinctjprooess ;  carburization  of  pulverulent  iron.  Chenofs  pro* 
cess,  Carburization  of  bar  iron.  Converting  iiimace.  Carburization  by 
gaseous  compounds  of  carbon,  Carburization  by  fusing  compact  iron 
with  carbonaceous  matter;  Hindoo  process,  Wootz,  Mushefs  steel. 
By  the  partial  Decarburization  of  Cast  Iron: — By  fusing  in  hearths. 
Bif  puddling.  Composition  of  puddled  steel.  Uchatius  process.  By 
cementation.  By  F\ision  of  Pig  Iron  with  Malleable  Iron  *. — Immersion 
of  malleable  iron  in  molten  cast  iron.  By  Blowing  Atmospheric  Air 
through  Molten  Pig  Iron. — Bessemer  process.  Description  of  the  appa- 
rstos.  Parry's  process  of  manufacturing  iron  and  steel.  Casting  of 
Steel— Fumaees  and  crucibles.  Fusion  of  steel  in  the  reverberatory 
furnace.  The  adMion  of  manganese  in  the  casting  qf  Heel,  Manipula- 
tion of  Steel. — Hardening  and  tempering  steel.  Metaltic  baths  for  the 
use  of  working  cutlers.  Theory  of  hardemng  and  tempering  steel.  Ham- 
mering fftcel.  Welding  steel.  Shear  steel.  Casing  steel  on  wrought 
iron.  Damaskeening, 

Lead. 

Physieal  and  Chemical  Properties.  Dilatation  by  heat,  Conduetimty 
for  heat  and  eleetridty.  Action  of  heat.  Autogenous  soldering. 
Aetion  of  air,  of  water,  of  carbonic  aeidy  of  dioxide  of  copper,  and  of 
adds  upon  lead.  Protoxide ;  mode  of  formation  b^  dry  and  wet  methods. 
FhvBical  characters  of  massicot  and  litharge.  Action  of  heat.  Acdon  of 
carbon,  of  hydrogen^  and  of  carbonic  oxide.  Fusibility  with  metallic 
oxides.  Action  ofmetaHs  when  heated  with  protoxide  of  lead.  Dioxide  j 
Binonde ;  mode  of  Ibnnation .  Sesquioxide  ;  Red  lead ;  process  of  manu- 
fhetuie.  Physical  and  chemical  properties.  Action  of  heat.  Action  of 
aeOs.  Sidphide;  physical  and  chemical  prroerties.  Action  of  heat  and 
air  upon  sulphide  of  lead ;  in  the  presence  of  iron  pyrites  and  of  blende. 
Actum  qf  hydrogen      of  stemni^fonsulpk^  Action  of  protoxide 
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of  lead,  silicates  of  protoxide  of  lead,  of  aUsaUes,  of  carbonate  ofwoda^  of 
cyanide  of  potassium,  of  alkalies  and  alkaline  carbonates  and  caiboD, 
of  lime  and  carbon,  of  peroxide  of  iron  and  carbony  of  nitrate  of 
potash,  of  chloride  of  sodium,  of  iron,  of  tin,  and  of  copper  when  heated 
with  sulphide  of  lead.  Combination  of  sulphide  of  IgbA  with  other  sul- 
phides. Subsulphides  of  lead.  Sulphate;  physical  and  cAemicaj  proper- 
ties. Action  of  heat.  Action  of  carbon,  of  iron,  of  lead,  of  protoxide  of 
lead,  of  sulphide  of  lead,  of  chloride  of  lead,  of  silica,  of  lime,  of  ckionde 
of  sodium,  and  of  cyanide  of  potassium,  upon  sulphate  of  lead.  Sulphate 
of  lead  and  Jluor  spar.  Lead  and  Phosphorus.  Phosphide ;  phosphates. 
Lead  and  Arsenic.  Action  of  arsenious  acid  on  lead.  Arseniate  of  iesd. 
Silicatesof  Protoxide  of  lead.  Methods  of  formation.  Fusibihty.  Action 
of  carbon,  of  sulphur,  of  sulphide  of  iron,  of  iron,  of  lime,  of  lime  and 
carbon,  of  peroxide  of  iron  and  carbon  upon  silicates  of  protoxide  of 
lead.  Silicates  of  protoxide  of  lead  and  potash.  Silicates  of  protoxide 
of  lead  and  lime.  Silicates  of  protoxide  qf  lead,  lime,  and  alumina. 
Borates  of  protoxide  of  lead.    Carbonate ;  white  lead.   Action  of  heat. 

Alloys  of  Lead. — Lead  and  antimony;  zinc;  copper:  mercury:  gold: 
silver. 

Ores  of  Lead. — Physical  character  and  chemical  compositioo  of: 
Galena  or  sulphide  of  lead.  Cerusite,  or  carbonate  of  protoxide  of  lead. 
Anglesite  or  sulphate  of  protoxide  of  lead.  Pyromorphite  or  phosphate 
of  protoxide  or  lead.  Mimetisite  or  arseniate  of  protoxide  of  lead. 
Minerals  occurring  with  galena. 

Methods  of  assaying  Lead  Ores. 

Extraction  of  Lead  from  the  Ore. — In  air  furnaces :  Old  English 
process.  Peruvian  process.  Spanish  process.  In  blast  furnaces:  His- 
doo  process.  Ore  hearth. — Construction  of  the  furnaces,  method  of 
working,  nature  of  the  products,  chemical  composition  of  the  products 
and  ch^ic€U  reactions  whtch  occur  in  the  process.  American  ore  hearth.— 
Peculiarity,  Advantages.  German  metnod  with  iron,  or  "  predpitstion 
process." — Description  of  furnaces,  mode  of  working,  nature  of  the 
products,  chemical  composition  of  the  products  and  chemical  prineiples 
involved.  Composition  of  lead  speise.  Smelting  of  regulus.  German 
method  with  silicate  of  protoxide  of  iron,  or  iron  refinery  slsgs.  In 
reverberatory  furnaces :  Derbyshire  furnace. — Process,  description  of  the 
furnace,  nature  and  composition  of  the  products  and  chemical  reactums 
involved.  Flintshire  furnace. — Process,  peculiarities,  nature  of  the  pro- 
ducts, chemical  composition  of  the  products  and  chemical  reactions  which 
occur.  Action  of  lime.  Cornish '  process. — Description  of  "cslciner," 
and  of  **  flowing  furnaces."  Nature  of  the  products.  Chemical 
tion  of  products.  Action  of  iron,  Bleiberg  process. — Peculisnties  of 
the  process,  character  of  film  ace.  Method  of  working,  nature  of  the 
products  and  chemical  composition  of  products.  Mediations  of  proem. 
Smelting  of  lead  slags  :  Slag  hearth. — Description  of  furnace,  mode  of 
work  ing,  composition  of  products  and  chemical  reactions  involved.  Spanish 
slag  hearth. — Description  of  furnace,  mode  of  working,  nature  of  pro- 
ducts and  chemical  composition  of  products.  Smelting  of  lead  fume. 
Reduction  of  litharge,  boftening  of  hard  lead.  Smelting  of  sulphate 
of  protoxide  of  lead  ore.    Conqwsition  of  the  products. 

Extraction  of  Silver  from  Lead.—- Pattinson's  process. — Theory  <ftie 
process,  methods  of  working,  description  of  the  apparatus  and  me- 
chanical apphances.  Limit  of  concentration.  Effect  {^foreign  metals, 
Parkes'  process. — Methods  of  working.  Princ^les  involved.  &igliih 
process  of  cupellation.— Construction  of  furnace,  mode  of  oonductiiig 
the  process,  nature  of  the  products,  chemical  composition  of  theprodaets 
and  chemical  reactions  involved.  German  process  of  cupcJlation  (ab* 
treiben).— Description  of  fomace,  mode  of  conducting  the  piooew, 
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Dfttme  of  the  products  and  ekemieal  composition  of  products.  Refining 
of  "  Blicksilber." — In  open  test   Under  a  muffle. 

Apparatus  for  condensing  Lead  Fume.  Physical  properties  and 
ekemeal  composiHon  of  lead  fume.  Varieties  of  Lead  in  Conmierce. 
Impurities  occurring  in  lead.  Methods  of  testing  for  metals  present  in 
lead. 

SlLVSR. 

Physical  and  chemical  properties.  Dilatation  by  heat.  Conductivity 
for  heat  and  electricity.  Specific  heat.  Action  of  heat,  of  heat  and  air, 
of  nitre,  of  chloride  of  sodium,  of  oxide  of  copper,  of  protoxide  of  lead, 
cf  sulphate  of  protoxide  of  copper,  and  of  acids  upon  silver.  Silver  and 
Oxygen.  Protoxide;  physical  and  chemical  properties.  Methods  of 
producing.  Action  of  heat.  Action  of  carbon.  Action  of  chlorine. 
Silver  and  Sulphur.  Sulphide;  physical  and  chemical  properties. 
Modes  of  ffirroation.  Action  of  heat.  Action  of  heat  and  air.  Action 
of  heat  and  air  in  the  presence  of  iron  pyrites,  copper  pyrites,  disulpkide 
of  copper,  blende,  and  galena.  Action  of  hydrogen,  of  steam,  of  acids, 
of  nitre,  of  iron,  of  lead,  of  copper,  and  of  mercury  upon  sulphide  of 
uhoer.  Combination  with  other  sulphides.  "  Oxidised  silver  process. 
Sulphate;  physical  and  chemical  properties.  Mode  of  producing. 
Action  of  heat.  Action  of  chloride  of  sodium.  Mode  of  formation  of 
compound  of  sulphide  and  sulphate  of  silver.  Solubility  in  water.  Sul- 
pkite:  hyposulpnite ;  method  of  preparation.  Action  of  hydrochloric 
acid  i^NHi.  Action  of  hyposulpnite  of  soda  on  chloride  of  silver. - 
Nitrate ;  physical  and  chemical  properties.  Action  of  heat.  Method  of 
separation  from  nitrate  of  protoxide  of  copper.  Action  of  carbon  and 
fiosphorus  upon  solutions  of  Silver  and  Chlorine.  Chloride ;  physical 
and  chemical  properties.  Methods  of  formation  by  dry  and  wet  pro- 
cesses. Methods  of  reduction  by  carbonate  of  soda,  by  carbonate  of 
lime,  by  cine.  Action  of  hydrogen,  of  acids,  of  chloride  of  sodium,  of 
cyanide  of  potassium,  of  iron,  lead,  copper,  tin,  antimony,  arsenic,  mer^ 
eury,  of  sulphur,  of  metallic  sulphide^*,  and  of  protoxide  of  lead  upon 
chloride  of  silver.  SUver  and  bromine.  Silver  and  iodine.  Silver  and 
phonhorus.   Silver  and  arsenic. 

Alloys  of  SUver.— Silver  and  lead;  copper;  gold;  sine:  palladium; 
antimtmy. 

Ores  of  Silver. — Physical  characters  and  chemical  composition  of: 
Native  silver.  Silver  glance  or  sulphide  of  silver.  Sulphide  of  silver 
and  copper.  Antimonial  silver.  Ruby  silver  or  sulphide  of  silver  and 
antimony.  Brittle  silver  glance.  Sulphide  of  silver  and  arsenic.  Poly- 
basite.  Sulphide  of  silver,  antimony,  and  lead.  Horn  silver  or  chloride 
of  silver.  Bromide  of  silver.  Iodide  of  silver.  Nature  of  metalliferous 
minerals  containing  silver. 

Assaying  of  ores  and  alloys  of  silver  by  the  dry  and  wet  methods. 

Methods  of  Kxtraction. — Extraction  of  silver  from  argentiferous 
copper:  Liquation  process,  or  **  Saigerarbeit." — Description  of  furnace. 
Mode  of  operation.  Nature  of  the  products.  Chemical  principles 
involved.  Extraction  of  silver  from  the  ore :  Mexican  amalgamation 
process.— Apparatus  employed,  materials  used,  method  of  working, 
nature  of  the  products  and  chemical  principles  involved.  Specialties  of 
the  process.  Working  of  the  silver  amalgam.  Application  of  copper 
amalgam.  Loss  of  silver  in  the  process.  Chloride  of  silver  process. 
Freiberg  amalgamation  process, — Description  of  furnaces  and  apparatus, 
Mode  of  working  and  chemical  principles  involved.  Composition  of  silver 
amalgam.  MeUiod  of  separating  the  silver  from  the  amalgam.  Amalga^ 
motion  of  argentiferous  speise.    Amalgamation  of  argentiferous  copper 
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reguhs.  Extraction  of  silver  from  argfentifenmi  regnlns !  ZiemgeVn 
process. — Description  of  the  furnaces  and  apparatus  employed,  method 
of  operation,  nature  of  the  products,  and  chemical  reactions  inwhed  m 
the  various  operations.  SpeaaUies  of  the  process,  Augustxn's  process.— 
Description  of  the  process  and  chemical  principles  involved.  Von 
Patera  8  method. — ^Apparatus  used,  materials  employed,  products  ob- 
tained, and  chemical  reactions  in  the  process.  Extraction  of  silver  from  ore 
by  means  of  lead :  Furnaces  used,  method  of  working,  nature  of  the 
products.  Chemical  composition  of  the  products  and  chemical  reactions 
tnwlved.  Methods  of  plating  or  sUvering :  Old  methods.  On  copper. 
On  steel.  Method  of  silvering  without  the  use  of  "  batteries."  5fry- 
ping  oj^  silver  plate. 

Varieties  of  silver  in  commerce.  Metals  occurring  in  silver.  Methods 
of  testing  silver  for  foreign  metals. 

Gold. 

Physical  and  chemioal  properties.  Dilatation  by  heat.  Conduethntff 
for  heat  and  electricity.  Action  of  heat.  Protoxide:  physical  pro- 
perties, mode  of  preparation,  action  of  hydrochloric  acta.  Teroxide; 
physical  and  chemical  properties.  Protosulphide ;  methods  of  ibrma- 
tion,  physical  characters.  Tersulphide;  mode  of  producing,  nhysicsl 
characters,  action  of  heat,  of  chlorine,  of  hyposulphite  of  soda,  and  of  pot- 
ash upon  tersulphide  of  gold.  Oold  and  phosphorus.  Gold  and  arseme. 
Gold  and  chlorine ;  protochloride :  tercmorioe ;  methods  of  formation. 
Action  of  oxalic  acid,  of  sulphate  of  protoxide  of  iron,  qf  terchloride  of 
antimony  and  qf  chloride  of  arsenic  on  solutions  of  chloride  of  gola. 
Prq>arat{on  of  purple  of  Cassias.   Method  of  colouring  **ruby  glass?' 

Alloys  of  gold. — Gold  and  copper;  zinc:  silver;  lead;  tin:  antimomf; 
iridium:  jpMinum :  palladium:  copper  and  zinc ;  silver  and  copper. 

Use  of  the  touchstone.   Definition  of  the  terms  '^standard**  and 

carat. 

Ores  of  Gold. — Native  gold ;  physical  character  and  chemical  compo- 
sition. Various  metalliferous  minerals  containing  gold.  Auriferous 
quartz. 

Assayinp  of  ores  and  alloys  of  gold  hy  dry  and  wet  methods. 

Methocfs  of  Extraction. — Amalgamation  of  quartz  containing  gold ; 
apparatus  employed,  mode  of  working,  nature  of  the  products,  and 
method  of  extracting  the  gold  from  the  amalgam.  Longmaid^s proem. 
Anossow's  process  hf  means  of  iron,  Plattner's  process  by  chlorine. 
Melting  of  gold  dust.   Sweep  refining. 

Separation  of  Gold  firom  Sdver  and  Copper.  Parting. — Dir  methods : 
By  litharge  and  sulphur.  By  cementation  ;  description  of  tne  process. 
Chemical  reactions  involved.  By  sulphur.  Wet  methods :  Nitric  add 
process ;  apparatus  used,  method  of  working,  and  chemical  prine^Us 
involved,  sulphuric  acid  process ;  apparatus  employed,  mode  ci  work- 
ing, and  chemical  reactions  involved.  Modifications  of  the  process* 
Refining  pold  containing  silver  by  chlorine. 

Varieties  of  Gold  in  Commerce.  Methods  of  detecting  copper,  siker, 
lead,  tin,  antimony,  platinum,  palladium,  and  iridium  in  gold. 

Mercury  or  Quicksilvbr. 

Physical  and  chemical  properties.  Action  of  heat,  of  air,  of  acids, 
tind  qf  chlorine  upon  mercury.  Sulfoxide ;  physical  and  chemical  proper' 
ties.  Protoxide  or  red  oxi^ ;  mode  of  formation,  physical  and  chemical 
properties.  Action  of  heat.  Subsulphide  :  physical  and  chemical  proper^ 
ties.   Protosulphide  or  vermilion;  methods  of  preparation,  physical  and 
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ehmkai  propoties.  Action  of  hMt#  off  heat  and  air,  qf  hydrogen,  of 
iron,  of  lone,  of  alkalies,  of  chlorine,  and  of  acids  upon  protosulpkide, 
Subdbloride ;  phjsical  and  chemical  properties.  Protocliloride ;  phyBical 
and  ekemieal  properties. 

Amalgams. — ^Merciur  and  silver ;  gold ;  copper ;  iron  :  sodium. 

Ores  of  Mercuty. — Pnvaical  characters  kiuS  chemical  composition  of: 
Native  mercuiy.  Cinnabar.  Native  amalgan.  Fahhre  containing  mer* 
nry.  Nature  of  other  minerals  containing  mercury. 

Methods  qf  assaying  of  ores  of  mercury. 

Methods  of  Extraction. — Description  of  furnace,  method  of  operation, 
natoie  of  the  products,  and  chemical  reactions  involved  in  the  roUowing 
metiiods:  Huanaeavelica  process.  Almaden  process.  Idrian  process, 
Leopold  furnace  process.  Alberti  process.  Hahner's  furnace  process. 
Gallenf  furnace  process.   Fahlore  process. 

Imomties  present  tn  mercury.  Methods  of  testing  mercury  for  foreign 
meUas.  Mooes  qf  purifying  commercial  varieties  of  mercury.  Water 


Cobalt. 

Pfayaical  and  ekemieal  properties  of  the  metal.  Methods  of  prepara- 
tion. Protoxide ;  mode  of  formation,  physical  and  chemical  propoties. 
Action  of  hydrogen.  Sesc[uioxide ;  methods  oi  preparation,  phjsiod  and 
ekemieal  properties.  Action  of  carbon.  Physicid  and  chemical  properties 
and  mode  of  producing  the  compounds  of  cobalt  and  arsenic.  Arseniate 
of  cobalt. 

Ores  of  Cobalt. — Phjrsical  character  and  chemical  composition  of : 
Cobalt  glance.  Smaltme.  Oobalt  bloom.  Nature  of  other  minerals 
etmtaimng  cobalt. 

Methods  of  esHmaHng  cobalt. 

Cobalt  piroducts.-^Smalts ;  mode  of  preparation.  Apparatus  used. 
Nature  of  tiie  products.  Chemical  composition  of  the  products.  Chemical 
pfisaptes  involved  in  tibe  manufiicture.  Uses  of  smalts  and  oxide  of 
cobalt.  Silicate  of  protoxide  of  cobalt  *,  mode  of  obtaining.  Physical 
chaiacters.  Binmann's  green ;  mode  of  preparation.  Nature  of.  Chemical 
composition.  Thenard^s  blue ;  modeofj^reparation.  Nature  qf.  Chemical 
cmposUion.  Phosphate  qf  cobalt.  Printers' blue ;  application.  Mode 
of  prepaiation.    Nature  of .   Chemical  composition. 

NiCKBL. 

Physical  and  chemical  pronertiea  of  the  metal.  Physical  and  chemical 
propoties  of  protoxide  ana  peroxide  of  nickel.  Action  of  hydrogen. 
Action  of  carbon,  Phvsical  and  cftemtca/properties  and  mode  of  obtain- 
ing compounds  of  nickel  and  sulphur.  Physical  and  chemical  prooerties 
of  the  compounds  of  nickel  and  arsenic.  iNickel  speise;  chemical  com- 
fiomtion.  Pottery  nickel.  Action  qf  heat  and  air  upon  arsenide  of  iron, 
cobalt,  and  nickel. 

Alloys  of  Nickel,— German  silver;  mode  of  preparation,  physical 
characters  and  composition  of  the  commercial  varieties.  Nature  and 
^ompon^ion  of  other  alloys  containing  nickel. 

Ores  of  Nickel. — Physical  charaicters  and  chemical  eonwosition  of : 
Kttpfernickel.  Nickdiferous  pyrites.  Arsenical  nickel.  Nickel  glance. 
Millerite.   Nature  of  other  minerals  containing  nickel.   Meteoric  iron. 

Methods  of  assaying  nickel  ores. 

Methods  of  Extraction. — Apparatus  employed,  mode  of  working, 
nature  of  the  products,  and  chemical  reactions  involved. 
Comraerciaf  varieties  of  nickel.    Foreign  metals  occurring  in  nickel. 
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Arsbnic. 

Physical  and  chemical  iiroperties.  Action  of  heat,  and  of  heat  and  air 
upon  the  metal.  Physical  and  chemical  properties,  and  methods  of 
preparation  of  the  compounds  of  arsenic  and  oxygen.  Actum  of  lijfkt. 
Action  of  heat.  Action  of  carhon,  of  hydrogen,  and  of  carbonic  orae 
finon  arsenious  acid.  Physical  and  chemical  properties,  and  meUiods  of 
oDtaining  the  compounds  of  arsenic  and  sulphuif.  Action  of  heat, 
carbonate  of  soda  and  carbon,  and  of  cyanide  of  potassium  vpon  the  ja/- 
phides  of  arsenic. 

Ores  of  Arsenic. — Physical  characters  and  chemical  composition  of: 
Native  arsenic.  Realgar.  Orpiment.  Mispickel.  Arsenical  uon  pyrites. 
Nature  of  other  minerals  containing  arsenic. 

Methods  of  estimating  arsenic. 

Methods  used  for  obtaining  White  Arsenic. — Description  of  appa- 
ratus, methods  of  working,  nature  of  the  products  and  chemical  reactions 
involved.  Methods  of  refining  white  arsenic ;  description  of  apparatus, 
mode  of  working,  and  nature  of  products.  Preparation  and  chemical 
composition  of  yellow  arsenic  glass.  Preparation  and  chemical  composi' 
tion  of  red  arsenic  glass.    Preparation  of  metallic  arsenic. 

Applications  of  arsenic  and  its  various  compounds.  Nature  and 
chemical  composition  of  Emerald  Green  and  Scheele's  green.  Opalescent 
glass.   Mode  of  producing  Green  bronze. 

Antimony. 

Physical  and  chemical  properties  of  the  metal.  Physical  and  chemical 
properties,  and  methods  of  formation  of  the  followmg  oxides  of  anti*  | 
mony : — Teroxide ;  action  of  carbon,  of  cyanide  of  potassium,  and  of 
sulphur,  upon  teroxide  of  antimony.  Intermediate  oxide.  Antimonic 
acid ;  action  of  heat.  Tersulphide ;  methods  of  formation.  Physical 
and  chemical  properties.  Action  of  heat,  of  heat  and  air,  of  steam,  of 
carbon,  of  carbonic  oxide,  of  cyanide  of  potassium,  of  nitve,  of  iron,  of 
copper,  of  tin,  and  of  acids  upon  tersulphide  of  antimony.  Glass  of 
antunony.   Uver  of  antimony. 

Alloys  of  Antimony. — ^Antimony  and  lead.  Action  of  heat  and  air 
upon  alloys  of  antimony  and  lead.  Antinumiates  of  protoxide  of  lead. 
Naples  yellow.  Composition  of  type  metal  and  stereo^pe  metaL 
Antimony  and  iron;  copper;  " R^lus  venus''  tin.  Other  alloys 
containing  antimony  used  m  the  arts. 

Ores  of  Antimony. — Physical  characters  and  chemical  composiiiom  of  : 
Native  antimony.  Antimony  gUince.  Valentinite.  Antimony  ochre. 
Red  antimony  ore.   Nature  of  other  minerals  containing  antimony. 

Assaying  of  ores  of  antimony. 

Methods  of  Extraction. — ^Apparatus  used,  methods  of  working,  nature 
of  the  products,  Chemical  composition  of  the  products,  and  chemical 
reactions  involved  in  the  following  methods  :  —  Liquation  process. 
Reduction  by  iron,  English  process.   F^nch  method. 

Foreign  metals  occurring  m  antimony.  Methods  of  testing  for  foreign 
metals. 

Tin. 

Physical  and  chemical  properties  of  the  metal.  Action  of  heat,  of  air, 
of  heat  and  air,  and  of  acids  upon  the  metal.  Action  of  tin  on  varions 
metallic  oxides.  Physical  and  chemical  properties  of  the  following:— 
Protoxide;  Sesquioxide;  fiinoxide;  "  Putty  powder,*'  Stannate  of 
soda.  Physical  and  chemical  properties  of  the  following: — Protosul- 
phide   Persulphide;  Protochloride  ;  Perehloride,   Tin  and  Arsenic. 
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Alloys  of  l^n.— Tin  and  copper.  Physical  properties  and  oomposi- 
tion  of  bronze,  BeU  metal,  and  Speculum  metal.  Castin^^  of  Bronze. 
Tin  and  antimony.  Britanuia  metal.  Tin  and  tine.  Tin  and  lead. 
Pewter.  Solder.  Solderinjir.  Tin,  lead,  and  copper,  Roman  pot  metaL 
Otker  alloys  employed  containing  tin.  Bearing  metal.  Amalgam  for 
ekctrical  machines.   Tin  bronze.    Tinning  of  brass  pins. 

Ores  of  Tin.  —  Nature  and  chemical  composition  of  Cassiterite. 
"  Stream  tin."  "  Mine  tin."  «  Wood  tin.'*  Tin  pyrites  or  bell-metal 
ore.  Minerals  occurring  with  tin  ores, 

Assttywg  of  tin  ores. 

Smelting  of  Tin  Ores. — In  reverberatory  and  blast  fdmaces.  De- 
scription cMT  furnaces  used,  methods  of  working,  nature  of  the  products, 
ckemieal  composition  of  the  products,  and  chemical  reactions  involved. 
Refining  of  tin.    Oxland's  process. 

Commercial  Varieties  of  Tin. — Common  tin.  Refined  tin.  Grain 
tin.  Block  tin.  Foreign  metals  occurring  in  tin.  Methods  of  testing  for 
foreign  metals. 


Physical  and  chemical  properties.  Action  of  heat,  of  air,  of  steam, 
nd of  acids  upon  bismuth.  Teroxide ;  mode  of  formation.  Physical  and 
chemical  properties.  Action  of  carbon.  Protoxide,  Tersulphide; 
methods  of  formation.  Physical  and  chemical  properties.  Action  of 
heat  Action  of  hydrogen.  Action  of  metals  when  heated  with  Tersul- 
pkide  of  Bismuth. 

Alloys  of  Bismuth. — Nature  and  composition  of  alloys  containing 


Ores  of  Bismuth. — Names  of  various  minerals  containing  bismuth. 
Physical  characters  and  chemical  composition  of  minerals  containing 
bismuth. 

Methods  of  estimating  bismuth. 

Methods  of  Extraction. — Apparatus  used.  Description  of  processes, 
sud  chemical  actions  involved  in  the  various  methods.  Old  methods. 
Recent  methods.   Plaitner^s  furnace. 

f^eign  metals  occurring  in  bismuth.  Methods  of  testing  for  foreign 


Physical  and  chemical  properties  of  the  metal.  The  properties  of 
Platiuttm  black  and  Spongy  platinum,  and  methods  of  formation. 

Ores  of  Platinum.— Native  platinum.  Physiail  characters.  Metals 
occurring  in.  Minerals  associated  toith. 

Methods  of  Extraction. — Wet  method.  Deville's  method.  Melting 
of  platinum.    Working  of  platinum. 


General  Sotions. — Figure  of  the  earth;  earth's  diameter,  axis, poles. 
Meridians ;  equator,  equinoctial.  Parallels  of  latitude ;  latitude,  longi- 
tude. Difference  of  latitude;  difference  of  longitude.  Rhumb  line; 
course  ;  nautical  distance,  meridian  distance  ;  departure. 

Examples  of  differences  of  ktttude  and  longitude.  The  meridian 
distance  ia  equal  to  the  diJGference  of  longitude  multiplied  by  cosine  of 
24995.  I 


Bismuth. 


P1.ATINUM. 


SUBJECT  XX.--NAVIQATION. 


First  Stage  or  Elementary  Course. 
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Uiifeade.  When  a  ship  is  sailing  on  a  pinllel  of  latitude : —  (1),  givea 
the  distsnoe  made  good  and  latitude  to  find  the  diffimnce  of 
longitude;  (2),  given  the  difference  of  longitude  and  the  latitode  to 
find  the  distance ;  (3),  given  the  meridian  distance  and  the  diffoenoe 
of  longitude  to  find  the  latitude. 

TTie  Compass. r-'DeBcripdoa  ;  Points.  Number  of  dtf^rees,  minuiei, 
and  seoonos  in  a  point,  i  poinl^  \  point,  }  point.  To  reduce  points  and 
pvts  of  points  into  degrees,  minutes,  and  seconds,  and  oonvenelj. 

Variation  of  Ihe  Compass:  easterly,  westerly.  How  to  be  alloved 
(1)  when  it  is  required  to  find  the  true  from  compass  course;  (2),  to  find 
compass  course  from  true. 

Causes  of  Local  Deviation.—rHow  the  amount  of  local  deviation  is 
ascertained  practically ;  how  allowed.  Examples  of  correction  of  ooones 
for  variation  and  deviation. 

Leeway.— Definition.  Starboaid  tack,  port  tack,  dose-hauled.  Hoir 
leeway  is  to  be  allowed.  Examples. 

The  Log, — Description.    How  divided. 

Plane  3at/tn^.— Construction  of  fi^^ures.   Proof  of  formulae  used  in 

Slane  sailing,  viz.,  connecting  nautical  distance,  difference  of  latitude, 
eparture  and  course.  Examples. 
Traverse  Sailing, — Definition  of  a  traverse.   To  resolve  a  travezae. 
Construction  of  traverse  table.  Examples. 
Middle  Latitude  Sailing, — ^To  prove  the  formuUe  used.  Examples. 

Second  Stage  or  Advanced  Course. 

Mereator^s  Prqfectiom  and  Chart. — Description.  How  meridians  are 
laid  down,  and  divided  for  representation  of  the  latitudes.  Chief  value 
of  the  chairt  is  That  the  angle  which  a  straight  line  joining  anj  two 
"  places  on  a  chart  makes  with  the  meridians  is  equal  to  that  whidi  the 
"  rhumb  line  joininff  the  same  two  places  on  the  globe  makes  with  the 
"  meridians     proof  of  this. 

To  draw  a  Mercator's  chart.  To  find  the  latitude  and  longitude  of  any 
place  on  the  chart,  and  vice  versd,  from  the  latitude  and  longitude  to  find 
its  place  on  the  chart.  To  find  the  course  between  two  places  on  the  chart. 
To  find  the  ship's  place  by  the  bearing  of  two  known  places  or  head- 
lands. To  lay  down  a  rock,  island,  or  headland  from  observed  besrings. 
To  find  the  distance  between  two  places  on  the  chart.  From  the  ooorse 
and  distance  run  to  find  the  place  on  the  chart. 

Proofs  of  rules  used  in  Mercator's  sidling.  Examples. 

Local  Deviation. — More  accurate  account  of  the  causes  of  sub-penna- 
nent  and  induced  nuu^etism.  Laws  of  induced  magnetism  in  a  ship. 
Semicircular  and  quadrantal  deviation.  Description  m  modes  for  ascer- 
taining the  amount  of  deviation. 

Great  Circle  Sailina, — Given  the  latitude  and  longitude  of  two  places 
to  find  the  distance  between  them  on  a  great  circle.  To  find  also  the 
latitude  and  longitude  of  the  vertex.  To  find  a  succession  of  points  on 
a  fl^t  circle  between  two  places.  Examples. 

Errors  to  which  the  log  is  liable.  Having  given  the  apparent  distance 
run  with  given  known  errors  in  log  line  and  glass,  to  find  the  true 
distance. 

To  find  the  difference  of  longitude  made  on  a  traverse.  Sea  journal. 
Taking  a  departure.  Log-board  and  log-book.   Day's  work.  Examples. 

Examination  for  HoNotTRs. 

In  addition  to  the  above  there  will  be  required — 
The  proof  of  the  rule  for  finding  meridional  parts,  vis. : — 
m=3- 8988496+  log.  (log,  cot.  i  oolat.  -  10). 
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Problems  in  Marine  Surveying,  &c. 

Candidates  for  examination  in  this  subject  are  recommended  to  use 
the  Mowing  books : — 

A  Treatise  on  Namgatum  and  Nautical  Astronomy,  by  J.  Riddle  (with 
Tables),  2  yds..  Us.  Sd,   Tables  separate,  5*. 

(London,  Simpkin  &  Marshall,  8th  ed.,  1864.) 
Nangation  and  Nmtieal  Astronomy,  by  H.  W.  Jeans,  in  two  parts, 
ISnic,  5s.  each,  or  in  one  vol.  9s. 

(London,  Longman,  new  ed.,  1860.) 
Or,  Navigation  and  NauHeal  Astronomy,  by  Merrineld  &  Evers. 

(London,  Longman  Sc  Co.) 
Naatieal  Tt^lssfrom  Britisk  Seamen,  by  James  Inman,  8vo.,  I4s. 

(London,  Bivington,  1862.) 


SUBJECT  XXI.— NAUTICAL  ASTRONOMY. 

First  Stags  or  Elementary  Course. 

D^ution, — Circles  of  declination  or  hour  circles.  Equinoctial  points. 
Sceptic,  obliquity  of  ecliptic,  signs  of  the  zodiac.  Precession  of  the 
eqiiinoxes,  circles  of  cdestial  latitude.  Latitude  and  longitude  of  a 
odestial  body. 

Declination,  right  ascension,  right  ascension  of  the  meridian,  sensible 
aiid  rational  horizon.  Zenith,  nadir,  vertical  or  azimuth  circles  or 
aides  of  altitude.  Altitude,  azimuth,  and  amplitude  of  a  heavenly 
body.  Parallds  of  altitude.  Six  o'clock  hour  circle.  Prime  vertical. 
Colstitade. 

Proof  that  the  altitude  of  the  elevated  pole  is  equal  to  the  latitude  of 
the  obsenrer.  Ulustraticm  by  diagrams ;  pvojections  on  the  meridiui  and 
horizon. 

Time.  Apparent  noon,  apparent  solar  day,  mean  solar  day,  mean 
noon,  equation  of  time.  Sidereal  day.  To  convert  intervals  of  mean 
tmne  into  sidereal  time,  and  vice  versd.  Illustration  of  these  definitions 
by  diagrams.  Difference  between  civil  and  astronomical  reckoning  of 
tune.  To  convert  arc  into  time,  and  time  into  arc. 

To  find  the  Greenwich  date,  the  time  at  an^  other  place  and  longitude 
being  given.  To  take  out  the  right  ascension  of  the  mean  sun  for  a 
given  mean  Greenwich  date. 

The  corrections  of  altitudes : —   

1.  D^. — Proof  that  dip  in  minutes='9784\/A«  h  being  reckoned 

in  feet. 

2.  Refraction, — Why  necessary?   Show  generally  how  it  is  measured. 

Refraction  =57"  tan  ZD  nearly. 

3.  Correction  for  semi-diameters. 

4.  Parallax, — Horizontal  parallax  X  cos.  apparent  altitude  =  parallax 

in  altitude. 

Sextant, — Description.  A^ustments,  how  to  make  them.  Index  mot, 
how  it  may  be  found. 

Chronometer. — Error  and  rate.    Reading  of  the  chronometer. 

E^iion  of  time, — How  it  is  to  be  applied  to  the  mean  time  to  obtain 
the  apoarent  time,  and  conversely. 

To  nnd  the  latitude  by  a  meridian  altitude  of  the  sun :  proof  of  the 
rule  and  examples.  To  find  the  latitude  by  a  meridian  altitude  of  a 
star. 

I2 
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By  the  moon : — 

1.  To  find  the  mean  time,  and  Greenwich  date,  of  the  moon's  meridian 

passage  on  a  given  astronomical  day  in  a  given  altitude. 

2.  To  find  the  semidiameter  and  horizontal  parallax  of  the  moon  for 

a  given  Greenwich  date  (mean  time)  from  the  Nautical  Almanac. 

3.  To  take  out  the  moon's  declination  from  the  Nautical  Almanac. 

4.  To  find  the  altitude  by  the  meridian  altitude  of  the  moon.  Examples. 
To  find  the  mean  time  at  any  place  and  also  the  Greenwich  mean 

time  of  the  passage  of  a  star  over  a  given  meridian  on  a  given  day, 
and  the  distance  at  which  it  passes  north  or  south  of  the  zenith.  To  find 
the  latitude  by  the  altitude,  (1)»  of  the  sun ;  (2),  of  a  star;  (3),  of  the 
moon  below  the  pole.  To  find  the  latitude  by  the  altitude  of  the  pole 
star.  To  find  the  variation  or  local  deviation  by  the  observed  azimuth  or 
amplitude  of  the  sun.  Proof  of  the  rules  for  finding  the  azimuth  and 
amplitude.   Applications  of  the  rules  to  find  the  variation  or  deviation. 

To  find  the  hour  angle  of  a  heavenly  body  east  or  west  of  the  meridian. 
To  compute  the  mean  or  apparent  time  at  any  place  from  the  observed 
altitude  of  a  heavenly  body.  To  find  the  error  and  rate  of  the  chrono- 
meter.  To  find  the  longitude  by  the  chronometer. 

Second  Stage  or  Advanced  Course. 

For  the  advanced  course,  in  addition  to  the  above,  the  candidate  wiU 
be  required : — 

To  compute  the  reduction  of  the  horizontal  parallax. 

To  define  the  angle  of  the  vertical,  and  to  describe  the  method  of  com- 
puting it. 

To  compute  the  augmentation  of  the  moon's  semi-diameter. 
To  prove  the  following  rules  : — 

1.  For  the  reduction  of  the  altitude  of  any  celestial  body  observed  at 
one  place  to  what  it  would  have  been  if  observed  at  the  same  instant 
at  another  place. 

2.  For  finding  the  latitude  by  the  altitude  of  the  pole  star. 

3*  For  finding  the  latitude  by  altitudes  of  any  celestial  body  near  the 
meridian. 

4.  For  finding  the  hour  angle  of  a  celestial  body  firom  the  observed 
altitude. 

5.  For  finding  the  rising  and  setting  of  celestial  bodies  and  twilight. 

6.  The  error  of  hour  angle  for  smul  errors  in  observed  altitude,  when 
least. 

7.  For  finding  the  latitude  and  longitude  by  means  of  two  altitudes. 

8.  For  computing  the  altitude  of  a  given  celestial  body  for  a  given  tame. 

9.  The  metnod  of  clearing  a  lunar  distance  from  the  effects  of  parallax 
and  refraction. 

And  to  work  practical  examples  of  all  these  rules. 

To  compute  tne  latitude  and  longitude  by  double  altitudes — 1.  By 
Ivory's  method.   2.  By  the  durect  method. 

To  find  the  error  of  the  chronometer  by  e<}ual  altitudes  of  the  sun  or 
of  a  fixed  star.  To  compute  the  apparent  idtitude  from  the  true  altitude. 
To  compute  the  longitude  by  an  observed  lunar  distance.  To  describe 
Summer's  method  for  finding  latitude  and  longitude.  Cyclones  and 
tides. 

Examination  for  Honours. 
In  addition  to  tiie  above  : — 

Method  of  computing  the  moon's  right  ascension  firom  an  occultation 
of  a  fixed  star.   Longitude  by  eclipses  of  Jupiter's  satellites.  To  find 
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the  position  of  an  unknown  star  or  comet  by  its  dUtancea  from  two 
known  stars.   Astronomical  problems. 

For  stadjing  this  subject  the  same  books  are  reconmiended  as  have 
alresdj  been  given  at  the  end  of  the  courses  on  Navigation, 


SUBJECT  XXII.-STEAM. 

FiRBT  Stags  or  Elementary  Course. 

In  the  first  paper  the  Questions  will  be  restricted  to  those  portions 
of  the  syllabus  comprised  under  the  heads  numbered  1,  2,  and  3,  or 
1, 2,  and  4  respectively,  and  the  students  wiU  be  expected  to  possess  a  fair 
dementaiy  knowledge  of  the  subject. 

Second  Stage  or  Advanced  Course. 

In  the  second  or  advanced  paper  the  questions  will  bear  upon  those 
portions  of  the  syllabus  numbered  1,  2,  3,  and  5,  or  1,  2,  4,  and  5  re- 
specdvely,  and  a  more  exact  knowledge  of  details  will  be  expected. 

Examination  for  Honours. 

The  range  of  subjects  will  be  the  same  as  in  the  advanced  course, 
bat  the  questions  will  extend  over  that  portion  comprised  under  the  sixth 
head  of  the  syllabus. 

1.  Introductory  Matter. — The  expansion  of  bodies  by  heat»  the 
liquid  and  gaseous  states  of  matter,  the  co-efficient  of  expan- 
sion, energy  of  the  atomic  forces,  practical  illustrations  of  the 
expansion  and  contraction  of  various  substances;  the  tempera- 
ture of  bodies,  instruments  for  measuring  temperature,  the 
thermometer,  comparison  of  thermometers  when  diiBTerently 
graduated,  pyrometers;  the  capacity  of  bodies  for  heat,  the 
calorimet^ ;  the  conversion  of  work  into  heat  and  of  heat  into  work, 
the  consumption  of  heat  in  li(^uefaction  and  vaporization;  the 
convection  of  heat,  the  method  m  which  a  large  mass  of  water 
may  become  heated ;  the  conduction  of  heat,  good  and  bad  con- 
ductors, experimental  illustrations;  the  formation  of  vapour  and 
steam,  the  boiling  points  of  fresh  and  salt  water,  the  causes  which 
influence  the  boiling  temperature  of  water,  high-pressure  steam, 
measure  of  steam  pressure  by  atmospheres,  steam  when  in  contact  or 
not  in  contact  with  water,  the  relation  between  the  pressure,  density 
and  temperature  of  steam,  the  specific  gravity  of  steam,  the  latent 
heat  of  steam,  the  quantity  of  water  required  to  produce  conden- 
sation, common  and  superheated  sveam,  the  analysis  of  sea 
water. 

Tbe  radiation  of  heat,  the  absorption  of  heat,  the  general 
relation  between  radiation  and  absorption,  good  and  bad  radiators 
of  heat,  experimental  illustrations. 

The  oxidation  of  metals,  the  effects  of  galvanic  action. 

2.  8tmm  Engine,  —  Newcomen's  atmospheric  pumping  engine,  its 
defects;  the  discoveries  of  Watt,  the  separate  condenser,  the 
expansive  working  of  steam,  its  economy,  its  value  in  regulating 
the  power  of  an  engine.  ^  t 
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Details  connected  with  Watt's  single-acting  pumping  engine; 
the  steam  cylinder,  the  valves  connected  with  it,  their  action, 
the  condenser,  the  air-pump,  the  foot  valve,  the  delivery  valve, 
the  snifting  valve,  the  hot  well,  the  piston  rod,  stuffing  boxes 
and  glands,  the  purallel  motion ;  the  method  of  starting  the  engine, 
and  of  regidating  its  speed,  the  cataract. 

The  double-acting  condensing  beam  engine,  the  principle  upon 
which  it  works ;  details  of  the  various  parts,  the  cylinaer,  nov 
constructed,  the  ports  or  openings  into  the  cylinder,  the  forms 
of  slide  valve  in  common  use,  the  locomotive  or  three-ported 
valve,  the  lap  on  a  valve,  the  eccentric,  the  lead  of  a  vadve, 
cushioning  the  steam,  clearance,  details  of  the  piston,  metallic 
packing-rings ;  the  expansion  valve,  and  the  gear  connected  with 
it;  the  air-pump,  condenser,  the  supply  of  water  for  condensation, 
blowing  through,  gauges  for  the  condenser,  the  barometer  gauge, 
method  of  estunating  pressure  by  it,  errors  in  this  method,  and 
correction  of  the  same;  the  connecting  rod,  the  strap  gib  and 
cutter,  the  parallel  motion,  the  governor,  the  fly-wheel. 

The  principle  of  an  equilibrium  valve,  the  double  beat  valve, 
the  crown  valve,  the  throttle  valve,  the  gridiron  valve. 

The  high-pressure  engine  without  condensation,  the  expansive 
principle  as  applied  in  the  double  cylinder  condensing  engine. 

The  forms  of  boiler  in  common  use:  the  Cornish  boiler,  the 
cylindrical  boiler  with  internal  flues,  the  vertical  boiler,  heating 
and  fire-grate  surfaces,  the  evaporative  power  of  boilers,  boiler 
chimneys  ;  the  strength  of  boilers,  the  use  of  stays,  the  proving  of 
boilers.  Boiler  appendages ;  safety  valves,  reverse  or  abnospheric 
valves,  oonununication  or  stop  valves,  the  glass  water  gauge,  steam 
pressure  gauge,  various  forms.  Bourdon's  gauge,  feed  pumps. 

3.  Tne  Locimotive  Engine . — The  general  cons^ction  of  a  locomotive 

engine  and  boiler  before  the  invention  of  Stephenson,  the  KiUizig- 
worth  engine ;  description  of  the  Rocket  engine  by  R.  Stephenson 
as  the  type  of  the  modem  locomotive,  the  tubular  boiler,  the  draught 
produced  by  the  discharge  of  waste  steam. 

The  arrangement  of  an  engine,  the  cylinders,  their  position, 
steamways,  ports,  slide  valve,  water  cocks,  grease  cocks,  the 
piston  and  packing-rings,  piston-rod,  guides,  connecting  rod,  eooen- 
trics,  the  reversing  or  link  motion,  reversing  lever,  sector,  expansive 
working,  crank  aide  and  driving  wheels,  power  required  for  trac- 
tion, adhesion  of  the  driving  wheels,  counter  weights  to  cranks, 
wheels  and  axles,  axle-boxes,  bearing  springs,  buffer  and  draw 
springs,  friction  brakes. 

Details  of  the  boiler;  the  fire-box,  the  inner  and  outer  shdl,  rihs 
on  tiie  crown  of  the  fire-box,  the  cylindrical  barrel,  the  tubes,  mode 
of  fixing  them,  through  tie  rods,  the  ashpit,  tiie  smoke  box,  the 
blast  pipe,  mechanical  action  of  the  blast,  the  steam  chest,  the 
outer  dome,  the  steam  pipe,  the  regulator,  safety  valves,  pressnie 
gauges,  whistles,  blow-off  cocka,  feed  pumps,  Giffard's  injector; 
evaporative  power  of  the  boiler,  fire-grate  and  heating  surfhce,  com- 
bustion of  fuel ;  the  tender,  water-tank,  brake,  feed  pipes. 

Hie  permanent  way;  varieties  of  rails  in  oonomon  use,  timber 
sleepers,  transverse  and  longitudinal  systems ;  jointing  of  rails,  the 
fish  joint ;  the  tyres  of  wheels,  their  form,  general  description  of 
switdies  and  crossings. 

4.  TkB  Marine  Steam  Engine. — Side  lever  engine,  the  oscillating  engine 
.  for  paddle-wheel  steamers,  the  vertical  trunk  engine ;  the  (kkfon 

engines,  the  object  of  this  ansngement ;.  otiier  ioaaoB  of  eoifine. 
Engines  for  screw  propellers,  direct  acting  engines /iritii  or  wsout 
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multiplying  gear,  Penn's  trunk  engine,  Maudslay  and  Field's  return 
connecting-rod  engine. 

Details  of  parts  connected  with  the  working  of  a  marine  engine ; 
the  air  pump  bucket  and  valves,  double-acting  air  pnmp,  India- 
mbber  disc  valves,  cylinder  escape  valves,  bilge  and  feeci  pumpef, 
expansion  valves,  expansion  cams  and  gear.  The  method  of 
reversing  an  engine  when  fitted  with  a  single  eccentric,  reversing 
by  a  double  eccentric,  the  link  motion.  Paddle  wheels,  feathering 
of  the  floats,  disconnexion  and  inmiersion  of  wheels.  The  screw 
propeller,  various  forma*  length,  angle,  pitch,  and  area  of  screw 
blaae,  disconnecting  and  raising  the  screw,  the  position  of  the  screw 
propeller  in  the  vessel,  the  slip  of  the  screw,  the  method  of  receiving 
the  thrust  upon  the  vessel,  soft  metal  bearings. 

The  marine  tubular  boiler,  how  constructed,  gun-boat  boilers, 
the  steam-chest,  fire-bridge  and  ashpit,  the  funnel  and  its  casing, 
WBste-steam  pipe,  water  gauge,  gauge  cocks,  pressure  gauges,  safety 
ralves,  reverse  vidves,  stop  valves,  feed  pumps,  boiler  hand-pumps, 
feed  or  donkey-engine,  Kington's  valves,  blow-out  cocks,  brine* 
pumps  and  brine-valves,  the  methods  of  ascertaining  the  degree  of 
saltness  of  the  water  in  a  boiler,  amount  of  saltness  permissible, 
formation  of  scale,  superheating  apparatus,  surface  condensation. 

Piactical  ivorking ;  getting  up  the  steam,  filling  the  boilers,  laying 
the  fixes,  attention  to  various  parts  of  the  engine  while  the  steam  is 
getting  up,  mode  of  starting,  working  the  engines  at  moorings. 
Priming ;  its  causes  and  rememes.  Duties  to  machinery  when  under 
steam,  boilers,  fires,  &c.  Injection  pipes.  Kingston's  valves.  Leaks 
in  engines.  Bearings  of  engines.  Expansive  working.  Manage- 
ment of  fuel.  Damages  and  repairs  to  boiler,  &c.,  after  accidents. 
Duties  to  engine,  &c.,  on  arriving  in  harbour. 

5.  Calculations. — Methods  of  measiving  the  efficiency  of  steam  engines. 

The  duty  of  an  engine.   The  horse  power.   Mercantile  or  nominal 
horse  power. 

The  indicator;  the  ends  it  fulfils,  description  of  the  instrument, 
the  atmospheric  line.  Method  of  taking  a  diagram.  The  general 
configuration  of  diagram  to  be  expected  under  various  circum- 
stances. Examination  of  the  indicator-diagram  when  the  steam  is 
throttled ;  when  expansive  gear  alone  used,  and  in  other  cases.  To 
ascertain  the  horse-power  of  an  engine  by  means  of  the  indicator. 
The  indicator-diagram  in  a  high  pressure  or  locomotive  engine. 

The  principle  of  the  paralld  motion  of  a  beam  engine. 

6.  CaieulatUms. — Estimation  of  the  work  done  in  one  stroke  of  the 

piston,  the  same  taking  clearance  into  account.  To  find  the 
horse  power  from  the  evaporation  in  the  boiler.  De  Pambour's 
theory.  Velocity  of  maximum  useful  effect.  To  find  the  evapo- 
ration of  a  condensing  engine  of  given  dimensions  and  horse 
power,  the  piston  moving  witn  a  given  velocity  with  and  without  ex- 
pansion. To  find  the  pressure  in  the  cylinder,  knowing  the  effective 
evaporation.  To  find  the  diameter  of  a  cylinder  to  work  at  a  certain 
speed,  knowing  the  evaporation.  To  find  the  evaporation  in  the 
boiler^  knowing  the  diameter  and  velocity  of  the  piston  and  the 
raessure  of  st^tm  in  the  cylinder  with  and  without  expansion. 
The  same  for  locomotive,  Watfs  engines,  &c. 

The  screw — to  find  its  area,  to  find  also  the  angle  of  the  helix  or 
threul  of  the  screw  propeller,  and  the  pitch.  The  power  exerted  by  a 
screw.  How  far  the  sup  depends  on  the  form  and  dimensions  of 
the  screw.  Motioaof  the  paddle-wheels,  &c.  Consumption  of  fuel. 
Measure  of  the  locomotive  p^orikiance  of  marine  steam  engine*. 
To  find  the  angle  the  crank  has  moved  through  wh^  Jih|  ^i@^^Qle 
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at  a  given  distance  from  tbe  top  of  the  stroke.  Amoant  of  work 
developed  hj  the  crank  in  a  half-revolution.  Length  of  the  radius- 
bar  in  a  side  lever  engine.  Work  done  in  the  up  and  down  stroke 
of  the  air  pump.  The  best  temperature  for  the  condenser  of  a  steam 
engine.    Quahties  of  fuel,  &c. 

Diagram  showing  the  relative  motions  of  the  slide  and  piston  at 
every  point  of  the  stroke. 

Dynamometer :  to  find  horse-power  of  engine  by  means  of  it. 

The  text  books  specially  recommended  are — 

Treatise  on  the  Marine  Steam  En^ne,  by  T.  J.  Main  and  T.  Brown, 
8vo.,  \2s.  6d.  (London,  Longman,  5th  ed.,  1865.) 

On  the  Indicator  and  Dynamometer,  by  T.  J.  Main  and  T.  Brown, 
Svo.,  4s.  6d.  (London,  Longman,  1857.) 

Catechism  of  the  Steam  Engine,  by  J.  Bourne,  12mo.,  6*. 

(London,  Longman,  1868.) 

And  for  reference — 
Railway  Locomotives,  by  D.  K.  Clark,  2  vols.,  folio,  70S' 

(Edinburgh,  Blackie,  1856-^.) 
Treatise  on  the  Steam  Engine,  by  J .  Bourne,  4to.,  425. 

(London,  Longman,  5th  ed.,  1861.) 
Examples  of  Modem  Steam,  Air,  and  Gas  Engines,  by  J.  Bourne,  Part 
L,  4to.,  2s,  6d,  (London,  Longman,  1868.) 


SUBJECT  XXIII.-PHYSICAL  GEOGRAPHY. 


First  Stage  or  Elementary  Course. 

For  this  stage  or  course  it  will  be  expected  that  the  student  shall 
understand  and  be  able  to  express  the  simple  facts  of  the  sdence  and 
explain  the  terms  in  common  use.  The  following  outline  may  be  usefiil 
to  the  teacher  as  well  as  to  the  student : — 

1.  The  form  and  motions  of  the  earth.     Its  division  into  land  and 

water.  Size  and  shape  of  continents.  Low  lands,  their  poeitioD 
and  the  names  by  which  they  are  known.  High  lands  or  plateaux. 
Hills.    Mountains  and  mountain  systems.  Valleys. 

2.  The  ocean  and  its  extent.   The  names  given  to  different  parts.  Its 

depth  where  known.  Its  saltness.  The  movements  of  the  oceao. 
Mai'ine  currents.  Waves. 

3.  lUvers  and  river  systems.  Lakes. 

4.  The  air,  its  nature,  extent,  and  principal  uses.    Permanent  winds. 

Periodical  winds.  Storms. 

5.  Dew.    Clouds  and  rain.    Snow  and  hail.   Nature  of  climate. 

6.  The  nature  of  earthquakes.   The  nature  of  a  volcano.  Earthquake 

bands  and  bands  of  volcanic  action.  The  simple  phenomena  of  a 
volcanic  eruption. 

7.  The  mode  in  which  plants  and  animals  are  distributed  on  tbe  earth. 

The  mutual  relations  of  horizontal  and  vertical  distribution.  The 
meaning  of  reoresentative  species  and  the  principal  |^ups  of  plants 
and  animals  that  represent  others  in  different  contments  and  large 
islands. 

8.  The  different  races  of  men.   The  mode  in  which  they  are  now  dis- 

tributed on  the  earth. 
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The  ezanunation  questions  set  in  this  elementary  paper  will  not  in- 
voke more  than  a  knowledge  of  such  facts  as  are  taught  in  the  ordinaiy 
text  books. 

For  a  mere  pass  it  will  only  be  required  that  the  answers  should  be  so 
&r  correct  and  definite  as  to  show  that  reasonable  care  has  been  taken 
in  explaining  the  subject,  assuming  ordinary  intelligence  and  exertion 
on  the  part  of  a  young  pupil.  For  a  first  class  in  this  stage  sound 
elementary  knowledge  and  clearness  of  definition  will  be  indispensable. 


The  more  advanced  students,  who  come  up  in  the  second  stage, 
will  not  pass  without  exhibiting  something  more  than  mere  elementuy 
knowledge.  They  must  have  a  knowledge  of  principles  as  well  as  ftkcts. 
Thejwill  be  expected  to  have  acquired — 

a.  So  much  elementary  astronomy  as  relates  to  the  position  of  the 
earth  in  the  solar  system,  its  magnitude  and  rotation,  and  the 
influence  of  the  sun,  moon,  and  other  bodies  distributed  through 
space  on  terrestrial  phenomena. 

h.  So  much  of  elementary  physics  and  inorganic  chemistry  as  includes 
the  nature  and  mode  of  action  of  the  physical  forces  and  the 
composition  of  rocks. 

c.  So  much  of  elementary  geology  and  mineralogy  as  includes  a  know- 

ledge of  the  nature  of  rocks,  their  superposition,  succession,  and 
disturbances. 

d.  So  much  of  palseontology  as  includes  a  knowledge  of  the  distribu- 

tion of  life  in  time. 
The  bearing  of  these  departments  of  knowledge  on  physical  geography 
commonly  so  called  should  be  understood.   The  terms  used  in  them 
must  be  well  appreciated  and  briefly  defined  when  definitions  are  asked. 

The  following  outline  of  the  main  subjects  included  in  physical  geo- 
graphy wiU  show  the  nature  of  an  advanced  course  of  instruction. 

1.  Land.   Relation  of  continents  and  islands.   Protuberance  of  land 

and  preponderance  of  land  in  one  hemisphere.  Form  of  extremities 
of  limd.  Grouping  of  islands.  The  geographical  axes  of  the  two 
continents.  Influence  of  the  form  of  a  coast  line.  Characteristic 
features  of  the  various  great  masses  of  land. 

2.  Mountain  axes  and  mountiun  systems.   Details  of  the  great  moun- 

tain systems  of  the  world,  especially  with  regard  to  the  continents. 
Relations  of  \}xe  different  parts  of  the  great  mountain  system  of 
Europe  and  Asia.  Isolated  mountains  and  mountain  system  of 
Africa.  Mountain  system  of  America.  Culminating  points.  Knots 
in  mountain  chains. 

3.  High  pl^ns  or  plateaux;  their  nature  and  position.   Their  relations 

with  the  geographical  axes  and  to  geographical  structure.  Exam- 
ples of  plateaux.  Plateaux  in  small  islands.  Sierras  or  mountain 
ridges  rising  from  plateaux.  The  drainage  of  plateaux  by  deep 
narrow  valleys. 

4.  Low  plains ;  their  distribution  and  relation  to  high  plains  and  moun- 

tains. The  low  plains  of  the  principal  natural  divisions  of  the 
world.  The  steppes  of  Asia.  Deserts  of  Africa  and  Arabia.  Sa- 
vannaiis  and  prairies  of  North  America.  Silvas,  Llanos,  Pampas 
of  South  America.  The  characteristics  of  each.  Valleys;  their 
varieties  and  peciUiarities.  Difference  between  mountain  valleys 
and  the  valleys  of  plateaux. 
7.  Water ;  its  position  on  the  earth.  Natural  divisions  caused  by  the 
protuberance  of  parts  of  the  earth.    Oceans  and  inland  seas. 
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Depth  of  the  ocean,  and  means  of  ascertaining  its  depth.  Natun 
of  the  ocean  floor.  Form  of  the  bottom  of  the  ocean.  Solid  con- 
tents of  water.  Density  of  water  under  different  circumstances. 
Effect  of  cold  on  water.  Temperature  of  the  sea.  Colour  of 
water. 

8.  Motion  of  water.   Waves.   The  tidal  wave.    Currents.   The  prin- 

cipal stream  currents.  Drift  currents.  Irregular  movements  of 
water.    Sargasso  seas. 

9.  Circulation  of  water  by  rivers.   Drainage  areas  and  river  basins. 

Nature  of  water  sheds.  Origin  of  rivers.  Floods  and  flood 
moderators.  River  systems  of  the  world.  Rivers  draining  into 
the  ocean.  Rivers  draining  into  lakes.  Groups  of  lakes;  ^eir 
extent  and  peculiarities.    Waterfiills  and  rapids. 

10.  Circulation  of  water  in  the  interior  of  the  earth.    Course  of  rain 

water  through  rock.  Issue  of  this  water  in  springs.  Tempentuie 
of  springs.  Mineral  and  gaseous  contents  of  springs.  Quantitj 
of  water  issuing  from  springs,  and  of  solid  matter  deposited  by 
them.   Variation  of  springs. 

11.  Conveyance  of  water  by  clouds,  and  its  deposit  as  rain.  Distribu- 

tion of  rain.  Proportion  of  rainfall  that  runs  over  the  earth's 
surface.  Formation  of  snow.  Circumstances  under  which  it  is 
formed  and  deposited.  Snow  line ;  its  position  in  differeut  parts 
of  the  world.  Passage  of  snow  into  ice.  Glaciers ;  their  ancient 
and  modem  history.  Glacial  action;  its  nature  and  results. 
Icebergs — how  and  where  formed;  their  influence,  HaU;  its 
formation  and  effects. 

12.  The  atmosphere.    Composition  and  properties  of  air.    Its  uses  and 

effects  on  light.  Its  extent.  Its  colour.  Effect  of  heat  on  the 
atmosphere.  Waves  of  sound.  Nature  of  wind.  .Permanent 
winds.  Periodical  winds.  Circulation  of  the  air  by  upper  cnr- 
rents  from  the  equator  to  the  poles,  and  corresponding  return 
currents  from  the  poles  to  the  eouator.  Distribution  of  winds  in 
both  hemispheres.  Special  local  winds  and  their  cause.  Various 
kinds  of  storm  winds.  Nature  of  cyclonic  storms.  Phenomena 
connected  with  such  storms. 

13.  Phenomena  of  weather  and  climate.    Causes  that  produce  or  modify 

climate.  Lines  connecting  places  having  equal  annual,  ec^ual 
sununer,  or  equal  winter  heat.  Value  of  such  lines  as  indioatmg 
climate.  Conditions  that  affect  weather  and  climate.  Cydes  S 
weather  and  climate.  Changes  of  climate,  and  the  cause  of  such 
changes.  « 

14.  Volcanic  phenomena.   General  action  of  volcanoes.   The  conditions 

of  avolcanio  eruption.  The  parts  of  the  world  that  contain  volcanoes. 
Number  of  volcanoes  in  the  different  groups ;  their  position  and 
histoiy  of  the  eruptions.  Inactive  or  extinct  volcanoes.  Pseudo- 
volcanoes  and  phenomena'connected  with  decayinp^  volcanic  actiritf . 
Qeysers,  solfiataras,  and  mud  volcanoes.  Volcanic  action  under  the 
sea.  Periods  and  cycles  of  volcanic  disturbance.  Earchouakes. 
Zones  of  earthquake  disturbance.  Relation  of  earthquues  to 
volcanoes.   Periodicity  of  earthquakes. 

15.  Distribution  of  life  on  the  earth.    Persistence  of  life.    Origin  of 

species.  Modification  of  species.  Grouping  of  plants.  Represen- 
tative  and  typical  species.  Ad^'ance  of  certain  forms  of  pluit  life. 
Migration  and  migratory  powers  of  plants.  Floras  of  different 
countries.  Distribution  of  floras.  Faunas,  their  distribution. 
Groups  of  characteristic  animals.  Migration  and  migratory  in- 
stincts. Limitation  :of  these  instincts.  Distribution  of  plants  and 
animals  iii  time.  Extinction  and  replacement  of  species,  t 
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16.  Distnbution  of  man.  Date  of  introduction  of  the  human  ftonily. 
Early  existence  of  certain  typical  groups.  Mode  in  which  these 
groups  differ  anatomically  among  each  other.  Mixed  races.  Mi- 
grating and  settled  races^  and  their  mutual  influence.  Natural 
and  aiiifldal  limits  of  extension  of  the  yarious  races.  Influence  of 
man  on  external  nature. 

Sound  knowledge  of  the  main  hcta  and  an  acquaintance  with  the 
mode  of  action  of  natural  causes  to  produce  results  will  he  expected  from 
the  more  advanced  students. 


Examination  for  Honours. 

For  this  examination  it  will  he  expected  that  the  candidates  shall 
not  only  he  fkmihar  with  the  ordinary  facts  and  inlbrenees,  but  that  they 
should  be  able  to  give  a  tolerably  complete  outline  in  their  own 
language  of  groups  of  facts  and  their  mutual  bearing,  together  with 
ezplani^ons  of  natural  phenomena  on  which  the  principlea  of  physical 
geography  depend. 

Sound  knowledge  acquired,  not  only  fh)m  text  books,  but  from  a 
tiioughtful  examination  of  the  views  of  various  authors  or  from  a 
personal  study  of  the  Aicts  and  phenomena  will  be  expected  from  those 
who  seek  an  honour  certificate,  and  very  clear  and  dennite  infonnation 
on  the  subjects  attempted  will  be  indispensable. 

For  elementary  instruction  in  phvsical  geography  there  are  several 
recognised  text  books.  It  unfortunately  happens  that  in  some  of  these  the 
fiicts  are  incorrectljr  stated,  and  teachers  employing  them  must  be  careful 
to  make  the  requisite  alterations  in  their  course  of  teaching. 

The  following  book,  which  has  been  recently  published,  is  reoom- 
mended : — 

♦  The  World  we  Live  in,  by  D.  T.  Ansted. 

(London,  Allen  &  Co.,  1868.) 

Of  somewhat  older  date  are 

Text  Book  of  Phytical  Geography,  by  Dr.  Page,  12mo.,  23, 

(Edinburgh,  Blackwood,  1863.) 
(ktUnes  of  Physical  Geography,  by  E.  Hughes,  12mo.,  Ss.  6<^. 

(London,  Longman,  new  ed.,  1866.) 
Elementary  Class  Book  of  Physical  Geography,  by  W.  Hughes,  12mo., 
If.  (London,  Philip,  1866.) 

The  following  will  be  found  suggestive  to  teachers,  but  are  hardly 
sufficiently  complete  to  be  available  for  students :~ 
Earth  and  Man;  a  Lecture  by  A.  Guyot,  translated  bv  C.  C.  Felton, 
l2mo.,  2s.  (London,  Bentley,  1866.) 

Physical  Geography  for  Schools,  by  M.  F.  Maury,  12mo.,  2s,  6d. 

(London,  Longman,  1864.) 

There  is  at  present  only  one  general  work  that  comprises  the  whole 
subject  of  physical  geography  as  required  for  the  examination  in  the 
advanced  course : — 

Physical  Geography,  by  D.  T.  Ansted,  8vo.,  12t. 

(London,  Allen,  3rd  ed.,  1868.) 


♦  This  work  contains  a  glossary  of  technical  terms. 

Digitized  byV^OOglC 
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In  addition  to  the  following,  many  other  works  in  special  departments 
of  the  science  will  be  found  useful  to  the  advanced  student  and  to  tiie 
candidate  in  honours : — 

Physical  Geography  of  the  Sea,  by  M.  F,  Mauiy,  8vo.,  5*. 

(London,  Low,  12th  ed.,  1866.) 
Man  and  Nature,  by  G.  P.  Marsh,  Svo.,  14*.  (London,  Low,  1864.) 
Principles  of  Geology,  by  Sir  C.  LyeU,  2  vols.  Svo. 

(London,  Murray,  1866.} 
Principles  of  Seismology,  by  R.  Mallet,  2  vols.  8vo.,  63s. 

(London,  Chapman  and  Hall,  1862.) 

It  is  most  desirable  that  this  subject  should  be  taught  and  studied 
with  good  physical  maps  at  hand.  For  the  elementary  course  is  recom- 
mended— 

Small  Atlas,  by  Hughes. 

For  the  advanced  student : — 
Physical  School  Atlas,  by  Johnston. 
Larger  Physical  Atlas,  hy  Johnston. 
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APPENDIX  C. 


Tables  showing  the  Numbeb  of  Students  in  each  Science 
School  or  Class,  and  the  Subjects  taught. 
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Williams:  A.  H.  Gasparini;  B.  Belshaw;  G. 

O.HiUaKi;  A.8.BU17. 
Sftpf^Muntary  Clerks.— W,  Burtt ;  O.  J.  DuUea. 
^Ututani  Ckrks.—W.  H.  F.  Stratton  ;  0.  G. 

Qointon. 

^moinUM.— A.  L.  Simkins;  Book-keeper.^ 
T.  A.  Bowler ;  Assistant  Book-keeper.—^, 
HaiTia. 

GSHZRAL  ST0BB8. 

storekeeper.— W.Q.Qroaer.  DwMrfy.—H. Lloyd. 
Clerki.-V.  Bobinaon;  J.  Smith. 

Semes  DiTmov. 

Qgldsi  Inspector  for  Seienes.'^Ospi,  Donnelly, 
ILB. 

Oeeaeional  Inspectors.— V.  J.  Sidney,  LLJ>.; 
^Caot  Harris.  BXO.  ilTaoigaHonh 
Qfidal  Sxaminer.—O.  C.  T.  Bartley. 
^pplemeniary  Assistant  JSmmiMdr.— T.  Hea- 

Professional  Examiners  for  Science, 
Subject 

L— PrMtiod^l^e,  and  solid  Geometry.— 

IL— Machine  Construction  and  Drawing.— 
W.  C.  Unwm,  B.Sc 
IIL—BuildingConstruction.— Colonel  Wray, 

m.  (Altemi^Te).— Na^  Architeeture.— 

W.  B.  Baakcomb. 
lY.-)  CBeT.B.M.Cowie, 

y  Pare  Mathematics  X  B.D. 
Vj  (,T.  A.  Hint  F.B.S. 

▼L— Theoretical  Mechanics.— Rev.  John  F. 
TwladK[i,MA. 
Vn.— AppUed  Mecbanic8.-J.  Anderson.  O.E. 
Till.— Aiooustio^Light  and  Heat.— J.  Tyn- 


Subject. 

IX.— Magnetism  and  Electricity.— J.  Tyn- 

is^U  LLJ).,  F.B.S. 
X— Inorganic  Ohemistiy.— E.  Frankland. 

PhJ).,F.B.8. 
XL— Onwnio  Chemistry.— B.  Frankland, 

PhJ)..F.B8. 
XII.— Geok)gy.— A  C.  Ramsay,  LL.D.,  F.BJB. 
XUI.— Mineralogy.— W.  W.  Smyth,  M.A.* 
F.B8. 

XIV.— Animal  Phroiology.- T.  H.  Huxley, 

LLJD.,  FJL8. 
XV.-Zook)gy.-T.  H.  Huxley.  LL.D..  F.BJ8. 
X7L— Vegetable  Anatomy  and  Physiology.— 
^  T.  Thomson,  M  J).,  F.BS. 

Xv  u.— Systematic  and  Economic  Botany.— 

T.  Thomson.  MJ).,  F.Rw& 
XVIII.— Mining.— W.  W.  Smyth,  M.A- F.BJB. 
XIX.— MetaLUugy.-J.  Percy,  M JXrF.B.S. 
XX.— Navigation.— Rey.  J.  WooUey,  LLJ>. 
XXL— Nautical  Astronomy.— Rev.  J.  Wool- 
ley,  LLJ). 
XXII.— Steam.— T.  M.  Goodeye,  M.A. 
XXIII.— Physical  Geography.— D.  T.  Ansted, 
M.A..  FJtS. 


AST  DiYiBioir. 

/i^p*p*cw^(?^nmii/()r^rf.— Richard  RedgraTe, 

Official  Inspector  for  Art.—H.  A.  Bowler. 
Occasional  Inspectors.— S.  A.  Hart^  BJL ;  Byre 

Crowe ;  F.  B.  BarwelL 
Official  Examiner.—^.  P.  Bartlett. 
Professional  Examiners.— Sir  F.  Grant,  P.RA. ; 

Sir  M.  Digby  Wyatt;  J.  C.  Hoisley.  BA.; 

R.  Westmacott,  RJL :  B  Redgraye,  BA. ;  F. 

Leighton,  BA.;  F.  B  Pickeranll,  BA.:  B.  J. 

Poynter.  A.BJL. ;  J.  Marshall,  F.BS.,  F.B.C.8. 
Occasional  Exammers.^Vbev.  J.  H.  Edgar,  M.A. ; 

G.  M.  Atkinson ;  G.  Stewart ;  G.  B  Redgrave. 

Inspectors  qf  Local  Schools  cf  Science  and  Art 
-B  G.  ^Ide ;  J.  F.  Iselin.  M JL 

Organising  Matter.^.  CBaokmaster.F.CJ!. 
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BoiTTH  KsvflnroTosr  Museum. 

Oeneral  BitperintendeHL'^Remy  Cole,  C.B. 
Mttsmm  /Smperintendeni*.-^  A.  Thompson; 

P.  Ounliffe  Owen:  Oapt.  E.  R.  Testing.  S.E. 
JHreetor     New  J«<W»fv«.— Lleut-CoI.  Scott, 

R.B. 

J>eeoraH9e  Artitts,-^.  Gamble;  R.  Townroo; 

F.W.Moody. 
jBdUorof  Catalogve$  and  B^ereefor  Libraries. 

—J.  H.  Pollen,  MJl.,  Iste  Fellow  of  Merton 

College,  Oxford. 
Museum  Keeper  (Art  Colleetions).-Q.  Wallis. 
Museum  Keeper  {National  Art  Library).'-R. 

H.  Soden  Smith.  M JL.  Trinity  College,  Dub- 

Vn,F.8JL. 

Museum  Keeper  {Edueational  Library  and 
CoHeetionsh—k,  C.  King,  F.8  Ji. 

Assistant  Museum  Keepers,— W.  Matchwick ;  H. 
Bandham  ;  B.  Laskey ;  C.  B.  Worsnoo ;  B.  F. 
Sketchley.  B. A..  Exeter  CoUege,  Oxford :  H.  E. 
Acton;  J.W.Appell.Fh.D.:T.Clack;  J.Bar- 
rett, B.  A. ;  C.  H.  Derby,  B.A. 

Provisional  Assistant--C.  T.  Townshend. 

Museum  Clerks.— V..  Webb;  H.  M.  Cundall; 

A.  F.  B.  Torrena. 

Supplementary  Clerks.— 'R,  Yemon:  A.  Has- 
ion ;  W.  E.  Streatfeild ;  F.  Coles ;  W.  Q.  John- 
son;  O.  H.  Wallis:  C.  E.  Helmore. 

BmHntendent  qf  the  Naval  Museum^,Vi. 
M6nrlfleld.F.&.8. 

Superintendent  for  SaHe  qf  Examples  and 
Publications,-^.  Cundall. 

Katiofal  Abt  Tbaihiito  School. 

Bead  JTm^m*.— Richard  Burchett. 
Ik^y  Head  Master.— K.  W.  Herman. 
Medmieal  and  Architectural  Drawing.— B.. 

B.  Hagreen. 

Geometry  and  Perspective.'^^.  S.  Burchett. 
Painting,  Freehand  Drawing  qf  Ornament,  dbc, 

the  Figure  and  Anatomy ,  and  Ornamental 

Desian.—JL  Burchett;  IL  W.  Herman;  W. 

Penby ;  R.  CoUbison ;  C.  P.  Slooombe. 
ModMng.—Y.  M.  Miller. 
Lady  Superintendent  qf  Female  Students.— 

MjasTrulock. 
Female  Teachers.— llLxs,  S.  B.  Casablanca;  Miss 

Ohannon. 

Lecturer  on  Anatomyj-J.  Marshall,  F.R.S., 
FJLC.& 

BoTAL  School  ov  Naval  Abchitbctubb 

AKD  MARIVH  BSOniEESIHG. 

Inspeetor'Oeneral.—'B/ir.  J.  WooUej,  LLJ). 
PrmHpak-C.  W.  Merrifteld,  F.R.B. 
Instructor  in  Naval  Drawing.— W.  B.  Bask- 
oomb. 

Instructor  in  Applied  Mathematics  and  Mecha- 

nics.-J.  H.  Coiterill.  M.A. 
Instructor   in  JSngineering   Drawing,-^ J, 

Maxton. 

Instructor  in  Marine  JBngineering.—'W.  C. 

Unwin,  B.Sc. 
Practical  Chemistryr^.  Davidson. 
French,— yL,  Penon. 


GEOLOGICAL  SURVEY. 
DireetoT'Oeneralr-Bir  Rb  L  Mnrchison,  Bart, 

K.C.B.,  M.A.,  F.BbS. 
Director  for  England  and  Wales.— k.  C.  Ram- 

ny,  LL.D..  F.R.S. 
xSHctarfor  Ireland.—^.  Hull,  F.R.a 
Directoryor  Scetland.—X.  Geikie,  F.R.B. 
NaturaUsL—T.  H.  Huxley,  LLJ)..  F.R.S. 
PakMUologist,—B^  Btheridge. 


ROYAL  SCHOOL  OF  MIXES. 

Direetor.Sir  R.  L  Murcfaison,  Bad,  K.aR, 

M.A..  F.R.S. 
^^^RS  ^  Mecorde^-JUAmi  Hant, 

Xtfiftoiiief.— Richard  Meade,  James  B.  Jordsa. 
Segistrar,  Curator,  andLtbrarian.—1.  Reek*. 
Asaistamt  Librarian^—T.  Newton. 
Assistant  Curator.— ¥.  W.  Rodler. 

Fiomsosi. 

C%«mis^Y.— Edward  Fnnklaad.  PhJ)^  F.R8. 
Natural  History.— t.  H.  Huxlnr,  LL.D.,  FJLS. 
Physics.— Guthrie,  BA..  Ph.  D. 
Applied  Mechanics.-T.  M.  Ooodere^  MA. 
MetaUurgy.—J.  Vwsy,  MJ).,  F.&JS. 
Oeology.—A.  C.  Ramsay,  LL.D..  F.Ra. 
JfinMiji  and  Mineralogy.— W.  W.  Smyth.  UXr 

Mechanical  Drawing,— B/bv.  J.  H.  Edgar,  VA. 
Museum  open  every  day  but  Friday,  except  (hn 
the  10th  of  August  to  the  10th  of  September. 


EDINBURGH  MUSEUM  OF  SCIENCE  Ain> 
ART. 

Dirtfcfor.— Professor  T.  0.  Archer,  F.RJB.B. 
Keeper  qf  Natural  History  MMseum.-TTvemot 

AUman,  M.D.,  F.B.S. 
C^rafor.— Alexander  Galletly. 
Assistant  in  Natural  History  Museu».-4. 

Davies. 

Assistant  in  Industrial  Museum.— J.  FftUnt 
Clerks.— J.  Gibson ;  W.  dark. 


ROYAL  COLLBGE  OF  BCIBNCE,  DTJBUNr 

Dean  qf  Faculty.— ^ir  K  Kana,  F.RiL 
Secretary.— V.  J.  Sidnor,  LL.B. 
Curator  of  Museum.— A.  Gagea. 
Clerk,-^.  C.  Penny. 

PXOTBSSOBS. 
Physics.— yr.  Barker,  M.D. 
Chemistru^Vr.  K.  Sullivan.  Ph.D. 
Applied  ClhemistrM.—'&.  Galloway. 


^^q|^.pE._HiUl,  F.R.8. 


.  „  J  JfoMaMo^tci.— Robert  Ball.  ILL 
Botany.—^.  T.  Thisclton  Dyer,  BJL 
Zoology.-U.  H.  Traquair,  M.D. 
Agriculture.-^.  W.  Davy.  M.B. 
Descr^ive  Geometry  Drawing,--'I!haass 

Mining  and  Minerahfy.-^.  P.  OlMlly. 
Demonstratcr  in  PaUtontology.—yrTiLBMSj^ 
F.L.S. 

Assistant  Chemist.— "W,  Plunkett. 

ROYAL  DUBLIN  80CIETT. 

President.— niM  Excellency  the  Lord  lien- 
tenant. 

Secretaries.-0.  W.  MaonaeU.  A.M. ;  Iavrdm 

Waldron.  D.L. 
B^istrar  and  AssistanLr^Secretary,  W.  & 

Steele^  M.D. 
Treasurer,  dtc—  H.  C.  White. 
Director  qf  Natural  History.-A.  Owte, 
Keeper  qfMinerals.-DT.  J.  Bmerwn  B«jiioWi. 
Librarian.— R.  P.  CoUia. 
Temporary  Assistant.— H.  W.  D.  Duntopi 
Director  of  Botanic  Gardens,  Olasnsmnr-v, 

Moore,  PhJD. 

ZOOLOGICAL  GARDBNa  DUBLIN. 

^crstories.— Professor  MDowd,  MJ).  i  ^ 
Haugfaton,MJ).,FJLS. 
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INTRODUCTION. 


The  following  introduction  gives  a  general  outline 
of  the  action  of  the  Departmenti  and  has  been  pre- 
pared to  enable  those  who  wish  to  establish  a  Science 
School  or  Class  the  more  readily  to  understand  the 
detailed  rules  and  regulations  under  which  the  aid 
of  the  Department  is  administered. 


1.  In  order  to  place  a  Science  school  or  class  in  Local  < 
connexion  with  the  Science  and  Art  Department,  an 
approved  committee,  consisting  of  at  least  five  well- 
known  and  responsible  persons  must  be  formed.  {See 
Science  Directory,  §§  X.  to  XVI.,  pp.  4  to  6.) 

2.  The  list  of  Science  subjects  towards  instruction  Sabjeeto  of 
in  which  aid  is  given  by  the  Department  will  be 

found  at  p.  3. 

3.  The  aid  is  given  in  the  form  of— Public  exami-  Natoreofaid. 
nations,  in  which  Queen's  Medals  and  Queen's  Prizes 

are  awarded,  held  at  all  places  complying  with  certain 
conditions ;  payments  on  results  as  tested  by  these 
examinations ;  scholarships  and  exhibitions ;  building 
grants ;  grants  towards  the  purchase  of  apparatus,  &c. 

4.  The  Examinations  are  held  about  the  month 

of  May  under  the  superintendence  of  the  local  com-  Jj^^^"*^ 
mittees.  The  examination  papers  are  prepared  b^  the 
professional  examiners  in  Lonaon.  An  evening  is  set 
apart  for  one  or  more  subjects,  so  that  the  examina- 
tion in  each  subject  is  simultaneous  over  the  whole 
kingdom.    {See  Science  Directory,  §  XVIIL,  p.  7.) 

5.  A  packet  of  Examination  papers  is  sent  to  Examinatioii 
each  local  secretary,  who  opens  it  in  the  presence  of  SST^d'^'' 
the  committee  and  candidates.    The  committee  is  worked, 
held  responsible  that  no  unfair  means  of  any  descrip- 
tion are  used  in  working  the  papers,  and  that  the 

rules  of  the  Department  are  strictly  complied  with. 
{See  Science  Directory,  §  XXII.,  p.  8,  and  Appen- 
dix A.,  Science  Form  No.  91,  p.  42.)  ^  .^^^^ ,,Google 
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Class  ezamina- 
tionfl. 


For  Hononn. 


Medals. 


Friies. 


Payments  on 
Besnlts. 


Amount  and 
conditions  of 
payment. 


Qualification. 


6.  The  examinations  are  of  two  kinds,  but  held 
together  {See  Science  Directory,  §XVI1I.,  p.  7),viz.: 

a.  The  class*  examinations,  of  which  there  are  two 
grades  or  stages ;  the  first  stage  or  elementanr 
examination,  and  the  second  stage  or  ad- 
vanced examination.  The  successful  candi- 
dates in  both  stages  are  divided  into  1st  and 
2nd  class. 

5.  The  honours  examination  of  a  highly  advanced 
character.    In  this  there  are  also  two  classes. 

Any  person  however  taught  may  sit  at  any  one 
of  these  examinations.  {See  Science  Directory, 
§  XXIX.,  p.  10.) 

7.  Four  medals,  one  gold,  one  silver,  and  two 
bronze,  are  given  in  each  subject  in  competition  in 
the  class  examinations  among  the  students.  (iSS^e 
Science  Directory,  §  XXXII.,  p.  11.) 

8.  Queen's  prizes  consisting  of  books  or  instru- 
ments are  also  given  to  all  candidates  successfdl  in 
obtaining  a  first  class  in  either  stage  of  the  diss 
examinations.     {See  Science  Dkectory,  §  XXX., 

p.  11.) 

9.  Payments  are  made  either  to  the  Committor 
or  to  the  Teachers  on  the  results  of  the  May  exami- 
nation. 

10.  These  payments  are  made  only  on  account  of 
the  instruction  of  students  of  the  industrial  classes,  or 
on  account  of  the  instruction  of  their  children.  (For 
a  definition  of  the  Industrial  Classes  see  Science 
Directory,  §  XXXVI.,  p.  13.)  They  ar«— 2/.  for  8 
first  class,  and  1/.  for  a  second  class,  in  each  stage. 
{See  Science  Directory,  §§XXXVII.andXXXVIIlM 
p.  1 4.)  Special  payments  are  also  made  Jar  Chemistry 
{See  §§  XXXIX.  and  LXIIL),  and  in  certain  cases 
also  for  "  honours.**  The  teacher  must  have  given 
each  student  25  lessons  at  least.  {See  Science 
Directory,  §  XXXV.,  p.  13.) 

11.  Any  person  may  qualify  himself  or  herself  to 
earn  payments  on  results,  by  obtaining  a  first  or 
second  class  in  the  advanced  grade  of  the  class  exa- 
mination, or  by  taking  honour&g  tized  by  Google 
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This  examination  is  dispensed  with  when  the  can- 
didate has  taken  a  degree  at  one  of  the  Universities 
of  the  United  Kingdom.  (See  Science  Directory, 
§  XXXIV.,  p.  13.) 

12.  To  assist  in  the  instruction  of  deserving  Schoianiupfl. 
students,  aid  is  given  in  the  creation  of  two  forms  of 
scholarship  in  connexion  with  elementary  schools. 

a.  In  the  Elementary  School  Scholarship  ol.  are  Elementary 

granted  to  the  managers  of  any  elementary  scholar- 
school  for  the  support  of  a  deserving  pupil "  ^' 
selected  by  competition,  if  they  undeitake  to 
support  him  for  a  year  and  subscribe  5/.  for 
that  purpose.  The  payment  of  51.  by  the 
Science  and  Art  Department  is  conditional 
on  the  scholar  passing  in  some  branch  of 
science  at  the  next  May  examination.  {See 
Science  Directory,  §§  XLVI.  and  XLVIII., 
pp.  18  and  19.) 

b.  In  the  Science  and  Art  Scholarship^  which  is  of  Science  and 

a  more  advanced  character,  a  similar  contri- 
bution  of  51.  is  required  on  the  part  of  the 
locality,  and  a  grant  of  10/.  is  made  by  the 
Department  towards  the  maintenance,  for  one 
year,  of  the  most  deserving  pupil  or  pupils  in 
elementary  schools  who  have  passed  certain 
examinations  in  science  and  in  drawing.  (See 
Science  Directory,  §§  XLVI.  and  XLIX., 
pp.  18  and  19.) 
In  both  these  cases  the  scholar  must  be  from  12  to 
16  years  of  age,  -and  one  scholarship  is  allowed  per 
100  pupils  in  the  school.    Thus  a  school  with  50 
pupils  may  have  one  scholarship,  a  school  with  150 
pupils  two  scholarships. 

13.  There  are  also  two  forms  of  Exhibitions.  Bxhibitionfl. 
These  are : — 

a.  Local  Exhibitions  to  enable  students  to  com-  exhibu 
plete  their  education  at  some  college  or  school 
where  scientific  instruction  of  an  advanced 
character  may  be  obtained.  Grants  of  251. 
per  annum,  for  one,  two,  or  three  years  are 
made  for  this  purpose  when  the  locality  raises 
a  like  sum  by  voluntary  subscriptions^jgi  i^^Aynd^^g^^ 


dttboducxion: 


if  the  student  attend  a  State  school,  sudi  as 
the  Royal  School  of  Mines  in  London,  the 
Royal  College  of  Chemistry  in  London,  or 
Royal  College  of  Science  in  Ireland,  the  fees 
are  remitted.  The  exhibition  must  be  awarded 
in  competition.    {See  Science  Directory, 
§§  XLVIL  and  LK,  pp.  19  and  20.) 
Royal  cxhibi-      J.  Ro^al  JSxhibiHoTis  of  the  value  of  50/.  per 
annum  tenable  for  three  years,  to  the  Royal 
School  of  Mines,  London,  and  the  Royal 
College  of  Science,  Dublin,  are  given  in  com- 
petition at  the  May  examinations.    Six  are 
awarded  each  year — three  to  each  institution. 
Free  admissions  are  also  ^ven  to  all  gold 
medallists.    {See  Science  Directory,  §§  Lll. 
and  LIII.,  pp.  21  and  22.) 
Whitworth        14.  Bcsides  these,  the  JVliitworth  Scholarships 
Schoianhipi.       tlje  value  of  100/.  per  annum,  tenable  for  three 
years,  are  also  given  in  competition  at  the  May 
examinations.     {See  Science  Directory,  §  LIY., 
p.  23.) 

Building  grant.  15.  A  grant  lu  aid  of  a  new  building,  or  for  the 
adaptation  of  an  existing  building,  for  a  School  of 
Science  may  be  made  at  a  rate  not  exceeding  2^. 
per  square  foot  of  internal  area,  up  to  a  maximum 
of  500/.  for  any  one  school,  provided  that  certiun 
conditions  are  complied  with  and  that  the  school  be 
built  under  the  Public  Libraries  and  Museums  Act, 
or  be  built  in  connexion  with  a  School  of  Art,  aided 
by  a  Department  building  grant.  {See  Science 
Directory,  §  LV.,  p.  23.) 

Apparatus  16.  A  grant  towards  the  purchase  of  apparatus, 
diagrams,  &c.,  of  50  per  cent,  of  the  cost  of  them  is 
made  to  Science  Schools.    {See  Science  Directory, 

Grant  for  ap.  §§  LVL  to  LXIL,  pp.  24  to  26.)    And  where  a 

SborSoiy  *  sckool  is  Jumtshed  with  a  labarcUaryj  properly  JUted 
up  J  a  payment  qfll.is  made  towards  the  expenses  of 
each  student  who  during  the  year  receives  25  lessons 
in  laboratory  practice.  {See  Science  Directory, 
§  LXIIL) 
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SCIENCE  DIRECTORY, 

Containing  the  Detailed  Rules  and  Regnlations  under  whicli  Aid 
to  Science  Schools  and  Classes  is  administered. 


Parliamentary 
vote. 


HeadB  of 
the  Depart- 
ment 


Oljeetofthe 
gnat. 


Grant  liable  to 
be  withdrawn. 


Payment  of 
Feet  by 
StadentB. 


I.  A  sum  of  money  is  voted  annually  by  Parlia- 
ment for  scientific  instruction  in  the  United  Kingdom, 
and  is  administered  by  the  Science  and  Art  Depart- 
ment. 

II.  The  head  of  the  Education  Department,  of 
which  the  Science  and  Art  Department  is  a  branch,  is 
the  Lord  President  of  the  Council,  assisted  by  a 
member  of  the  Privy  Council,  who  is  called  the  Vi<»- 
President  of  the  Committee  on  Education,  and  who 
acts  under  the  direction  of  the  Lord  President,  and 
for  him  in  his  absence.  (Order  in  Council,  25th 
February  1856,  Act  19  &  20  Vict.  c.  1X6.) 

III.  The  object  of  the  grant  is  to  promote  instruc- 
tion in  Science  especially  among  the  industrial  classes, 
by  affording  a  limited  and  partial  aid  or  stimulus 
towards  the  founding  and  maintenance  of  Science 
schools  and  classes. 

IV.  The  amount  is  liable  to  be  decreased  and  even- 
tually withdrawn.  Payments  to  teachers  therefore 
must  not  be  looked  upon  as  perpetual,  or  in  any  way 
conferring  on  the  teacher  a  claim  to  any  payments 
beyond  those  offered  from  time  to  time. 

V.  The  payment  of  fees  by  the  students  can  be 
looked  upon  as  the  only  solid  and  sufficient  basis  on 
which  a  self-supporting  system  can  be  established 
and  supported.  Though  my  Lords  do  not  consider 
it  necessary  at  present  to  lay  down  any  rules  making 
the  payment  of  fees  an  absolute  condition  of  the 
grants  on  account  of  Science  instruction,  yet  as  the 
payments  from  the  State  must  be  expected  to  dimi- 
nish, and  as  aid  on  account  of  those  persons  who  do 
nothing  for  themselves  cannot  be  justified.  Com- 
mittees of  schools  and  classes  and  teachers  are 
strongly  urged  (should  it  at  pr^|n|,i^<t)^^  P'*^" 


SUBJECTS  AKD  ASSISTANCE. 


tloe)  at  once  to  impose  as  high  a  scale  of  fees  as 
tbej  consider  can  be  raised  not  only  on  middle  class 
students  but  also  on  artisans* 

VL  The  following  are  the  Sciences  towards  in- i^«to£Soienoe 
stroction  in  which  aid  is  given : —  tayectt 

Subject  1,  Practical  Plane  and  Solid  Geometiy. 
2,  Machine  Construction  and  Drawing. 
„      3,  Building     Construction    or  Naval 
Architecture  and  Drawing. 

"         1-  Pure  Mathematics. 

„      6,  Theoretical  Mechanics. 

7,  Applied  Mechanics. 
„      8,  Acoustics,  Light,  and  Heat 
„      9}  Magnetism  and  Electricity. 
„     10,  Inorganic  Chemistry. 
„     11,  Organic  Chemistry. 
„     12,  Geology. 
„     13,  Mineralogy. 
„     14,  Animal  Physiology. 
„     15,  Zoology.* 

9,     16,  Vegetable  Anatomy  and  Physiology. 

„     17,  Systematic  and  Economic  Botany. 

„     18,  Principles  of  Mining. 

„     19,  Metallurgy. 

„     20,  Navi^tion. 

„     21,  Nautical  Astronomy. 

„     22,  Steam. 

„     23,  Physical  Geography. 

Note. — The  nature  of  the  aid  given  towards 
instruction  in  Art  is  fully  explained  in  the 
Art  Director}'.  The  2nd  Orade  examination 
in  Art  is  held  at  the  same  time  as  in  the 
Sciences  above  named.    (See  §  XVIII.) 

VII.  The  assistance  granted  by  the  Science  and  Natnwofa*- 
Art  Department  is  in  the  form  of— 
1.  Public  examinations,  in  which  Queen's  Medals 

and  Queen's  Prizes  are  awarded,  held  at  all 

places  complying  with  certain  conditions. 

^  Ko  candidate  will  be  passed  in  Zoology  unlen  at  the  same  or  at  a  pre'vions 
OMaination  he  has  passed  in  the  elementary  stage  of  Animal  P]^gj^l<@QQQ[^ 
Vo€€  Apptndix  B.,  p.  109.)  o 
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2.  Payments  on  results  to  Committeed  or  teadiere. 

3.  Scholarships  and  Exhibitions. 

4.  Building  Grants. 

5.  Grants  towards  the  purchase  of  apparatus,  &c. 

6.  Supplementary  grants  in  certain  subjects,  and 

special  aid  to  teachers  and  students. 

Note. — As  respects  all  grants  and  awards, 
the  Department  is  the  sole  judge,  and  cannot 
enter  into  correspondence  respecting  its  deci- 
sions. 

SebooiFY^  VIII.  Suitable  premises,  both  for  the  class  in- 
struction  and  also  for  the  examination,  with  firing, 
lighting,  &c.,  must  be  found  and  maintained  at  the 
cost  of  the  locality  where  the  school  or  class  is  held. 
If  at  any  time  the  funds  do  not  cover  these  requisite 
local  expenses,  it  must  be  inferred  that  there  is  no 
such  demand  for  instruction  in  the  locality  as  tbe 
Government  is  justified  in  aiding ;  and  the  assistance 
of  the  Department  will  be  withdrawn.  | 

IX.  A  school  or  class  receiving  aid  from  the 
Science  and  Art  Department  must  be  at  all  times 
open  to  the  visit  and  mspection  of  its  officers. 

Local  Committees. 
ConBtitatioii  of     X.  Evcry  Science  School  or  Class  must  be  under 
Lo«^Com.  management  of  a  Local  Committee  who  are 

required  to  be  responsible  for  the  safe  custody  of  all 
apparatus,  towards  the  purchase  of  which  the  Depart- 
ment has  granted  aid,  and  to  conduct  the  examina- 
tions according  to  the  rules.  {See  Appendix  A., 
Science  Form  No.  91>  P-  42.) 

The  relation  of  the  teacher  to  the  Committee 
of  a  school  or  class  will  vary  much  according  to 
the  circumstances  of  different  localities.  With  this 
and  other  local  arrangements  the  Science  and  Art 
Department  does  not  interfere,  but  leaves  them  to 
the  locality  to  settle. 

a.  Tbe  Committee  must  consist  of  a  Chairman,  Secretarj* 
and  at  least  three  other  members,  and  must  be  composed 
entirelj  of  weU-known  responsible  persons  of  independent 
position  who  have  no  such  personal  interest  in  the 
school  or  class  as  can  lay  them  open  to  the  slightest  | 
suspicion  of  partiality.    Beliy^|ii«is  bi^Opi^ir  of  ^  i 
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Teacher,  persons  wishing  to  be  examined,  or  who  are 
nnder  instmction  in  anj  school  or  class  receiving  aid 
from  the  Science  and  Art  Department,  and  teachers  of 
any  description  having  papils  who  are  candidates  for 
the  examinations  of  the  Department^  are  not  eligible  as 
members  of  the  Committee. 

Note. — gentleman  whose  son  or  daughter  attends 
anj  examination  of  the  Science  and  Art  Department  is 
thereby  disqualified  from  superintending  any  of  the  exa- 
minations that  year,  though  he  may  act  on  the  Com- 
mittee in  other  respects. 

b»  It  is  very  desirable  that  as  many  persons*  as  possible  in 
recognised  positions  of  public  responsibility  in  the  dis- 
trict, such  as  magistrates,  municipal  authorities  (mayor, 
aldermen,  or  town  councillors),  heads  of  educational 
establishments  (trustees  of  grammar  schools,  managers 
of  National  schools),  clergymen,  &c.,  should  be  on  the 
Committee,  and  it  is  ahsoltUely  necessary  that  at  least 
two  such  responsible  persons  should  agree  to  act. 

e.  The  Chairman  must  be  a  magistrate,  mayor,  borough- 
reeve,  provost,  alderman,  or  other  public  officer  of  recog- 
nised position;  trustee  of  grammar  school,  clergyman 
of  the  Established  Church  in  parochial  employment,  or 
minister  of  religion  in  charge  of  a  licensed  place  of 
public  worship.  He  will  have  to  certify  that  the  con- 
stitution of  the  Committee  is  in  accordance  with  the 
above  requirements.  {See  Appendix  A.,  Science  and 
Art  Form  No.  88,  p.  33.) 

df.  The  Secretary  of  the  Committee  of  the  School  or  Class, 
as  being  the  medium  of  communication,  will  carry 
on  all  correspondence  with  the  Science  and  Art  De- 
partment, and  will  be  held  responsible  for  making  out 
and  sending  all  returns  required,  for  the  receipt  and 
distribution  of  the  examination  papers,  the  transmission 
of  the  worked  papers,  &c.,  at  the  proper  times  accord- 
ing to  the  regulations* 

XI.  The  gentlemen  who  intend  to  act  on  this  Fonnation  of 
Committee  must  sign  their  names  to  a  form  {write 
for  Science  Forms  Nos.  88  and  120),  stating  their 
willingness  to  carry  out  the  necessary  arrangements 
for  examinations,  and  to  observe  all  the  regulations 
of  the  Department ;  each  member  after  signmg  must 
also  mve  his  address  and  occupation.  Care  must 
be  taken  that  the  members  who  sign  are  properly 
acquainted  with  the  duties  they  propose  to  discharge. 

When  a  school  or  class  is  first  formed,  the  Form  No.  88  must 
be  signed  at  a  general  meeting  of  the  Committee.  If  the 
same  Committee  continue  to  act  it  will  only  be  necessary 
in  October  to  fill  up  Form  No.  168,  which  expresses  the 
willingnesa  of  the  members  to  undertake       ,  |f u^^c^l^oole 
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another  year ;  bat  no  one  can  be  a  member  of  a  Com- 
mittee nor  assist  in  the  condact  of  an  examination  who  his 
not  signed  Form  No.  88. 

ApproTai  of,  XIL  As  soon  as  a  school  or  class  has  been  esta- 
Depart-  j^jighed  and  the  Committee  formed,  application  must 
be  made  that  it  may  be  approved  by  the  Department 
(send  up  Science  Forms  Nos.  88  and  120),  No 
payments  on  account  of  instruction  will  be  made 
unless  this  approval  has .  been  obtained  before  the 
Slst  January  preceding  the  examination. 

N.B. — The  school  and  class  registers  (see  §  XLIL,  p.  17) 
will  not  be  sent  until  these  forms,  properly  filled  ap»  have 
been  received  from  the  school  applying  for  them. 

Committee  for  XIII.  A  Committee  may  be  formed  for  conducting 
^Sd^fn"*  the  examination  only  of  a  class  or  school  which  does 
only.  not  receive  aid  from  the  Department  in  the  form  of 

payments  on  results.  It  must  be  approved  before 
the  Slst  March  (write  far  Science  Form  No.  88a). 

SxommSee"*    XIV.  For  the  clerical  labour  of  making  the  neccs- 
o  ommi    .         returns,  filling  up  forms,  &c.,  a  grant  is  made 
to  the  Committee  of  1/.    This  is  paid  after  the  con- 
clusion of  the  examinations. 

When  more  than  two  examinations  are  held,  the 
8um  of  10s.  will  be  allowed  to  the  Committee— or 
in  the  case  of  an  amalgamation  (see  §  XXVI.,  p.  9)f 
to  the  amalgamated  Committee — for  each  further 
examination  for  the  expenses  connected  with  it. 

These  grants  will  only  be  made  provided  the  examinations 
are  regularly  conducted,  and  the  returns  and  forms  sent 
up  in  due  course,  as  given  on  the  Science  Form  Na  170. 
(See  Appendix      p.  32.) 

inspectiita.  XV.  As  often  as  may  be  necessary  an  Inspector  of 
the  Department  will  visit  the  school  or  class,  and 
report  on  the  condition  of  the  premises,  the  constitu- 
tion of  the  Committee,  and  the  manner  in  which  the 
regulations  are  carried  out. 

If  due  notice  of  the  visit  of  the  Inspector  has  been  gireO) 
a  meeting  of  the  Committee  must  be  held  to  receive  him, 
at  which  as  many  of  the  members  as  possible  are  expected 
to  attend.    {See  Science  Form  No.  170,  Appendix 
p.  32.) 

Memoranda  for    XVI.  At  page  32  in  the  Appendix  will  be  found 
a  table  of  memoranda  for  the  use  of  ~ 
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Members  of  Science  Comviittees  (write  for  Science 
Form  No.  1 70)  wbich  it  is  expected  will  be  carefully 
attended  to. 

Examinations. 

XVII.  The  Science  and  Art  Department  holds  an-  Exammation 
Dually  about  May,  through  the  agency  of  the  Local 
Committees,  public  examinations  in  all  the  before- 
mentioned  Sciences  and  in  Art  in  any  place  in  the 

United  Kingdom  which  complies  with  the  requisite 
conditions.  (See  §§  X.  to  XIII.,  pp.  5  and  6.)  On 
the  results  of  this  examination  payments  are  made  for 
the  instruction  of  the  students,  and  medals  and  prizes 
are  awarded. 

For  Navigation  Classes  special  examinations  are 
also  held  three  times  a  year.   (See  §  LXIV.,  p.  26.) 

XVIII.  The  examinations  are  of  two  kinds,  but  Eximinations, 
are  held  on  the  same  evening  and  conducted  by  the 

same  Committee:— 

a.  The  class  examinations  for  students  under 
instruction  in  Science  Classes  whether  taught 
by  teachers  qualified  to  eatn  payments  on 
results  or  not. 

h.  The  honours  examination,  of  a  highly  advanced 
character. 

The  2nd  grade  Art  examinaiian  in  Freehand  Drawing^ 
Model  Drawing^  Practical  Geometry  and  Perspec* 
iiv€y  is  held  at  the  same  time  of  the.  year  as  the  Science 
examinations.  That  in  Freehand  Drawing  and  Model 
Drawing  is  held  on  a  separate  evening,  but  that  in 
Geometry  and  Perspective  on  the  same  evenings  as  the 
examination  in  Science  Subject  L,  Practical,  Plane,  and 
Solid  Geometry  (see  §  VI.,  p,  3,  and  Art  Directory), 

XIX.  The  examinations  in  the  subjects  and 
stores  bracketed  together  are  held  on  the  same  even- 
ing; candidates  can  therefore  he  examined  in  one 
only  of  these  subjects  or  stages  in  any  one  year. 


IL  Machine  Drawing. 

IIL  Building  Construction. 

XV.  Zoology. 

XII.  Qeohgy.  \ 
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ClMiflcation 
ofBesnltiof 
examinatioDS. 


Hononn 
paper. 


Application  for 
£xaiiii]iatioii« 


XIIL  Mineralogy.  1 
XXL  Nautical  Astronomy.  ] 

XL  Organic  Chemistry.  \ 
XXIL  Steam.  J 

XV L.  Vegetable  Anatomy  and  Physiology*']^ 


XIX.  Metallurgy. 
XVIIL  Principles  of  Mining. 

IV.  and  V.  Mathem^atics.^^^^^ 


0 


r  Stage  1. 


IV.  and  V.  Mathematics.<  Stage  2. 

L  Stage  3. 

IV.  and  V.  ilfo^A^flft'c^.  IIJ^I^ 

XX.  For  the  purpose  of  the  class  examinations  each 
subject  is  divided  into  two  stages — ^the  elementary 
and  the  advanced  stage ;  except  Mathematics,  vhich 
is  divided  into  seven  stages  {see  Syllabus,  p.  51). 
There  is  a  different  examination  paper  for  each  stage, 
and  in  each  stage  there  are  two  grades  of  success- 
first  and  second  class.  For  the  second  or  lowest  class 
of  the  elementary  stage,  the  standard  of  attainment 
required  is  only  such  as  will  justify  the  Examiner 
in  reporting  that  the  instruction  has  been  sound, 
and  tnat  the  students  have  benefited  by  it;  but  the 
standard  may  be  raised  from  year  to  year. 

XXI.  There  is  an  honours  paper  in  each  subject, 
except  Mathematics,  which  for  tnis  purpose  may  be 
considered  as  divided  into  three  subjects,  an  honours 
paper  being  set  on  each  evening  for  the  whole  of  the 
stages  comprised  in  that  evening*s  examination. 

XXII.  An  application,  stating  in  what  subjects 
examination  will  be  required,  must  be  made  on 
Science  Form,  No.  329,  and  sent  in  before  the  28th  of 
February.  A  second  form  (Science  Form  No.  119) 
must  be  sent  in  before  the  31st  of  March,  giving  the 
precise  number  of  candidates  to  be  examined  in  each 
subject. 

On  the  31st  of  March  the  examination  lists  must 
be  finally  closed,  and  unless  these  iostjructiQPS  have 
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been  strictly  adhered  to  no  examination  can  be 
held. 

The  rales  for  the  conduct  of  the  examinations  will  be  found 
on  Science  Form  No.  91  {see  Appendix  A.,  p.  42).  They 
must  be  carried  out  widi  the  utmost  strictness. 

XXIII.  Should  there  be  at  any  time  reason  to  sus-  Re^exami- 
pect  the  fairness  of  the  examination  generally,  or  of 

the  way  in  which  particular  candidates  have  worked 
their  papers,  a  further  examination  will  take  place 
in  such  manner  as  may  be  deemed  most  advisable. 
Refiisal  on  the  part  of  any  candidate  to  be  re-examined 
will  entail  the  cancelling  of  his  previous  examination. 

XXIV.  All  possible  care  will  be  taken  by  the  ^^^p"*^ 
Department  at  the  time  of  the  examinations  that  S^ST  * 
papers  shall  be  forwarded  in  accordance  with  the 
apph'cations,  and  that  the  results  may  be  correctly 
issued.   As,  however,  a  very  large  number  of  classes 

have  to  be  dealt  with,  mistakes  may  possibly  occur. 
The  Department  cannot  undertake  to  rectifv  such 
mistakes,  nor  will  it  hold  itself  responsible  for  any 
loss  which  may  in  consequence  accrue  to  individual 
committees,  teachers,  or  students. 

XXV.  If  no  candidate  comes  forward  for  exami-  Return  of 
nation  in  one  of  the  subjects  for  which  examination  ^S^2on 
papers  have  been  sent,  the  envelope  containing  these  papers, 
papers  must  be  returned  unopened  by  the  next  post. 

Also,  if  two  sets  of  examination  papers  in  the  same 
subject  have  been  sent,  one  set  must  be  returned  un- 
opened.   This  rule  must  be  carefully  attended  to. 

XXVI.  If  two  or  more  classes  in  the  same  town,  or  Amalgamation 
within  a  reasonable  distance  of  one  another,  apply  for  q^^^^^ 
the  examination  of  the  Science  and  Art  Department, 

a  general  examination  conmiittee  must  be  formed  by 
the  amalgamation  of  the  several  Committees  to  carry 
out  the  examinations  at  some  common  centre,  such 
as  the  town  hall  or  other  public  building.  It  is  only 
when  the  Inspector  reports  that  the  local  circum- 
stances are  of  such  a  character  as  to  render  an 
amalgamation  of  the  Committees  impracticable  that 
it  will  not  be  insisted  on. 
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Special  Local 
Secretary. 


Election  of 
Special  Local 
Secretary. 


Examination 
of  external 
Students. 


When  thei*e  are  not  more  than  three  candidates  in  one  place, 
it  will  be  at  the  discretion  of  the  Department  to  allow  a 
separate  examination,  or  to  require  the  candidates  to  go 
to  a  neighbouring  centre. 

XXVII.  In  large  towns  or  populous  districts  where 
there  are  three  or  more  schools,  and  where  numerous 
examinations  are  to  be  held,  the  Science  and  Art 
Department  may  at  its  discretion  require  a  Special 
Local  Secretary  to  be  appointed  to  manage  the 
whole  of  the  examination  business.  The  Department 
will  correspond  with  him  alone  on  all  subjects  con- 
nected with  the  examination.  He  will  be  allowed  a 
fee  of  ten  guineas,  and  an  extra  fee  of  half  a  guinea 
for  each  night  that  an  examination  is  held. 

The  rule  requiring  an  amalgamated  examination  to  be  held 
in  some  one  public  building  (jee  §  XX VL)  will  be 
adhered  to  also  in  this  case.  Even  where  no  sufficientlj- 
large  public  building  can  be  obtained,  or  where  there  may 
be  other  insuperable  difficulties  to  holding  the  examina- 
tions at  one  centre,  the  one  Special  Local  Secretary  mast 
still  be  the  one  medium  of  communication  with  lie  De- 
partment, and  will  be  responsible  for  all  arrangements 
subject  to  the  approval  of  the  Science  and  Art  Depart- 
ment. 

XXVIII.  When  the  Department  has  directed  the 
appointment  of  a  Special  Local  Secretary,  his  electioii 
will  rest  with  the  Local  Committees ;  or  failing  their 
coming  to  an  agreement  he  will  be  nominated  by  the 
Mayor  or  other  principal  municipal  authority. 

,  The  Special  Local  Secretary  must  be  nominated 
for  the  approval  of  the  Science  and  Art  Department 
from  year  to  year,  before  the  15th  of  March. 

XXIX.  Besides  the  registered  students  of  a  class, 
any  other  person  may  present  himself  for  examina- 
tion before  the  Local  Committee  whenever  an  exami- 
nation is  being  held  for  the  class.  Before  the  26th 
of  March  lie  must  apply  to  a  Local  Secretary,  who 
will  forward  his  name  to  the  Department  on  Science 
Form  No.  119,  and  if  required  by  the  Local  Com- 
mittee he  will  have  to  pay  a  registration  fee  of  not 
more  than  2^.  6rf.  Arrangements  must  therefore  be 
made  by  the  Local  Committee,  or  the  General  Exa- 
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mination  Committee,  as  the  case  may  be,  to  give 
accommodation  at  the  examination  to  all  outside  can- 
didates who  have  given  the  proper  notice,  as  well  as 
to  the  students  in  the  class  for  which  the  Committee 
act,  to  sit  at  the  examination. 

The  registration  fee  of  2s,  6<f.,  wluch  sucli  candidates  maj 
be  required  to  paj,  is  to  reimburse  the  Committee  for  any 
extra  expenses  incurred  by  such  attendance,  and  may  at 
their  option  be  reduced  or  remitted. 

XXX.  To  all  successful  students  are  given  Qoeen's  Frizes, 
printed  lists  of  results  showing  their  position;  to 

the  first  class  in  each  stage  are  given  Queen's  prizes, 
consisting  of  books  or  instruments  chosen  by  the 
candidates  from  lists  furnished  for  that  purpose. 
{Apply  far  Science  Form  No.  110.) 

No  Queen's  prize  or  medal  will  be  given  to  a  student  in  the 
advanced  stage  unless  he  have  previously  passed  in  the 
elementary  stage,  or  been  successful  under  the  old  system. 

XXXI.  The  prizes  are  unlimited  in  number,  and  ^jj^^j'^ 
are  open  to  all  candidates  who  come  within  either  of  ^Ses.^ 
the  following  categories ; — 

(1)  Students  in  Science  Classes  under  Teachers 
qualified  to  earn  payment. 

(2)  Registered   Students  in   Artisan  Classes 
taught  by  other  Teachers. 

The  following  are  not  eligible  for  prizes  : — 

a.  Students  who  have  previously  received  the  same,  or 

a  higher  class,  in  the  same  subject ;  and 

b.  Teachers  earning  or  who  have  earned  payments  on 

the  results  of  instruction.  Also 

c.  Persons  who  are  or  have  been  students  of  the  Queen's 

Colleges  in  Ireland,  the  Royal  School  of  Mines, 
London,  the  Royal  College  of  Science,  Dublin,  the 
Royal  Dockyard  Schools,  and  other  institutions 
receiving  State  aid  for  instruction.  They  may, 
however,  compete  for  the  Whitworth  and  other 
Exhibitions  and  Scholarships  of  the  Department, 
bat  they  cannot  take  Queen's  prizes  and  medals, 
except  in  those  subjects  which  are  not  taught  as 
a  portion  of  the  regular  course  in  the  Institutions 
to  which  they  belong. 

XXXIL  Four  medals,  one  gold,  one  silver,  and 
two  bronze,  are  given  in  the  class  examination  in  each 
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subject  for  competition  among  the  bond  fide  students 
of  Science  Classes  who  either  come  within  the  cate- 
gory of  persons  on  account  of  whom  payments  can  be 
earned,  or  are  under  17  years  of  age. 

Only  registered  students  of  schools  and  classes  under  Local 
Committees  (see  §  X.,  p.  4)  can  take  medals :  middle 
class  students,  persons  engaged  in  teaching,  ns  well  as 
teachers  in  training,  who  are  more  than  17  years  of  age, 
even  if  qualified  as  above,  are  ineligible  for  them.  Shodd 
a  student  take  more  than  one  gold,  silver,  or  bronze  medal^ 
he  will  I'eceive  books  instead. 

When  the  best  candidates  for  Queen^s  medals  are  nearly 
equal.  Jive  or  six  of  them,  as  may  he  found  desirabk^ 
may  he  summoned  to  London  for  further  examination  in 
order  to  decide  to  whom  the  different  medals  shall  be 
awarded.  Their  travelling  expenses^  second  class  raUwci/ 
fare,  and  \0s,  a  day  while  required  to  he  absent  from 
home,  will  be  allowed. 

Payments  on  Results  and  Quaufication  op 
Teacher. 

QnaTification       XXXIIL  Payments  are  made  on  the  results  of  in-  | 
^ymmte  on    structiou  whcn  it  has  been  given  by  teachers  who 
results,         have  qualified  in  either  of  the  categories  mentioned  i 
below :  And  no  payments  are  made  on  account  of  | 
instruction  given  in  subjects  in  which  the  teacher  is 
not  so  qualified.  I 
The  qualification  consists  in  having —  ' 
a.  obtained  a  teacher  s  certificate  in  any  of  the 
before-mentioned  sciences  according  to  the  rules  in  j 
force  previous  to  January  1867 ;  or, 

ft.  obtained  a  First  or  Second  Class  in  the  ad- 
vanced stage  at  the  May  class  examinations  since  | 
that  date ;  or, 
c.  taken  honours  at  the  May  examinations. 
In  Mathematics  a  First  Class  in  each  stage  wiD 
qualify  the  holder  to  earn  payments  on  the  results  of 
instruction  in  that  stage,  or  in  the  preceding  stages, 
and  Honours  in  stages  3,  6,  and  7,  on  the  results  of 
instruction  in  the  preceding  stages. 

Teachers  already  qualified  to  earn  payments  in  Elemesta^ 
Mathematics''  (1869)  are  qualified  in  stages  1,2, and 3, 
and  teachers  already  qualified  in  "  Higher  Mathematics 
(1869)  are  qualified  in  all  the  stages  of  Pore  Mathemadca 
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Payments  are  made  at  the  discretion  of  the  Depart-  ^^^^^^ 
ment  either  directly  to  teachers  or  to  the  Committee  ^  ^™  ^ 
or  managers  of  the  school. 

XXXIV,  The  examination  for  qualification  to  earn  Honorary  and 
payments  on  the  results  of  instruction  will  be  dis-  CCT^tei^ 
pensed  with  in  the  case  of  a  candidate  who  has  taken 
a  degree  at  any  University  of  the  United  Kingdom, 
or  who  has  obtained  the  Associateship  of  the  Royal 
School  of  Mines,  London,  or  the  Royal  College  of 
Science,  Ireland. 

Before  such  a  candidate  commences  to  teach,  in  order  to  cam 
payments  on  results,  he  must  make  formal  application  to  the 
Department  to  be  recognised  as  a  Science  teacher,  and  he 
must  furnish  fall  particulars  "of  his  occupation  and  posi- 
tion accompanied  by  his  diploma  or  a  certificate  from  the 
registrar  of  his  University. 

Teachers  who  previously  to  the  28th  January  1869  have 
obtained  Art  certificates  of  the  third  grade  are  also  qualified 
-without  further  examination  to  earn  payments  on  the 
results  of  their  instruction  in  subjects  I.,  II.,  and  III.,  .under 
the  same  rules  and  on  the  same  conditious  precisely  as 
Science  teachers.  It  must  bo  clearly  understood  that  to 
claim  these  payments  the  rules  of  the  Science  Directory 
must  be  adhered  to. 

XXXV.  Payments  are  only  made  on  condition  ConditioM. 
that  the  student  has  received  25  lessons  at  least 

from  the  teacher  or  teachers  in  each  subject  in  which 
payment  is  claimed  since  his  last  examination — each 
lesson  being  an  attendance  at  a  meeting  of  the  school 
of  at  least  three-quarters  of  an  hour's  duration  on  a 
separate  day.  The  25  lessons  need  not  necessarily 
be  all  given  in  one  year,  but  may  extend  over  a 
longer  period. 

It  must  be  clearly  understood  that  the  number  (25)  of  lessons 
which  the  teacher  is  required  to  give  is  the  minimum 
fixed  as  a  criterion  that  the  pupil  has  received  his  in- 
struction from  the  teacher.  It  is  not  meant  in  any  way 
to  specify  that  that  amount  of  instruction  is  sufficient, 
or  to  guarantee  the  teacher's  receiving  payment,  if  that 
amount  of  instruction  alone  is  given. 

XXXVI.  Payments  arc  made  to  the  qualified  j^'S^fo^ 
teacher  ou  account  of  the  instruction  of  students  instruction  of 
of  the  Industrial  Classes  only.  a^SS?*^ 
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PAYMENTS. 


Definition  of 

Industrial 

Classes. 


Instrnction  in 
Institutions 
receiTinj 
State 


ring 
aid. 


Under    Students  of  the  Industrial  Classes^  are  indaded:— 

a.  Artisans  or  operatives  in  the  receipt  of  weekly 
wages. 

Coastguards,  policemen,  and  others  who,  though  in 
receipt  of  weekly  wages,  do  not  support  themselres 
bj  manual  labour. 

c.  Teachers  of  elementary  schools  in  connexion  with 

(he  Education  Department^  Whitehall,  or  Ae 
National  Board  of  Educationy  Ireland. 

d.  Persons  in  the  receipt  of  salaries  not  large  enough 

to  render  them  liable  to  the  income  tax,  m  some 
descriptions  of  clerks,  shopmen,  &c. 

€,  Small  shopkeepers  employing  no  one  but  members 
of  their  own  family  and  not  assessed  to  the  income 
tax. 

/.  Tradesmen  and  manufacturers  on  their  own  account, 
supporting  themselves  by  their  own  manual  laboor, 
not  employing  apprentices,  journeymen,  Ac,  and 
not  assessed  to  the  income  tax. 
ff.  The  children  (not  gaining  their  own  livelihood)  of 
all  such  persons  above  mentioned. 
And  no  payments  are  made  on  account  of  any  other  students. 

XXXVII.  No  payments  on  the  results  of  instruc- 
tion in  those  branches  of  Science  which  are  taught 
in  Institutions  receiving  State  Grants,  such  as  the 
Queen^s  Colleges  in  Ireland,  the  Royal  School  of 
Mines,  London,  the  Royal  College  of  Science,  Dub- 
lin, and  the  Royal  Dockyard  Schools,  will  be  made 
on  account  of  the  pupils  who  are  or  have  been 
students  of  those  institutions. 

No  payments  are  made  on  account  of  students 
passing  in  Stage  1  of  Mathematics  or  in  the  elemen* 
tary  stage  of  Subject  XXIII.^  Physical  Geography. 
who  are, — 

a.  Students  in  Training  Colleges  receiving  State 

aid. 

b.  Teachers  trained  at  the  public  expense. 


Payments  XXXVIII.  The  payments  claimable  for  w» 
Afi^uUs^of   8*^^^^^*  passed  in  either  stage,  in  each  sub- 

thtcui»]^a^  ject  are— 2/.  for  a  first  class,  and  1/.  for  a  second 
minations.      ^lass,    Also  10^.  for  cach  second  grade  Art  paper 
satisfactorily  worked. 
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No  payments  are  made  on  account  of  a  student 
who  has  been  previously  successful  in  a  higher  stage 
of  the  same  subject.  If  the  student  has  oeen  pre- 
viously successful  in  the  same  stage  of  the  same 
subject,  the  payment  on  his  account  is  reduced  by 
the  payment  which  was  claimable  on  such  previous 
success.* 

For  instance,  the  21.  payment  for  a  first  class  would,  if  tho 
student  had  previously  taken  a  second  class  in  the  same 
stage,  be  reduced  by  1/. 


*  The  deduction  on  account  of  a  pupil's  previous  success  in 
the  examination  of  May  1869  or  some  pi-evious  year,  when  there 
were  three  classes  in  the  elementary  stage,  will  be  made  according 
to  the  following  scale  : 
a.  For  a  first  class  in  the  elementary  stage — the  student  having 
previously  obtained  a  third  class — 1/.  lOs, 
For  a  first  class — the  pupil  having  previously  obtained  a 
second  class — 1  /. 
c.  For  a  second  class — the  pupil  having  previously  obtained  a 

third  class — 10*. 
As  respects  Mathematics  (Subjects  IV.  and  Y.)  the  arrange- 
ments with  regard  to  the  previous  successes  of  students  will  be 
understood  from  the  foUowlng  table.  The  corresponding  divisions 
of  the  subject  tmder  the  old  and  new  systems  are  given  in  the 
colonms  A.  and  B.  With  a  previous  success,  therefore,  as  given 
io  column  A.,  no  payment  will  be  made  on  account  of  the  coiTe- 
sponding  success  at  the  May  1870  examination,  as  given  in 
Golomn  B. 

A.  B. 

Elexentabt  Mathematics,  IV.        Puke  Matheilvtics. 

3rd  Class,  First  Stage      -         -    Stage  1. 
2nd   „         „  -         -      do.     and  2nd  Class  of 

Stage  2. 

Ist    „  „  -  -       do.     and  Stage  2. 

2nd   „    Second  Stage    -  -    Stages  1  and  2. 

iBt    „         ,9  •         -      do.       do.  and  2nd  Class 

of  Stage  3. 

Higher  Mathematics,  V. 
3rd  Class,  First  Stage      -         -    Stages  1,  2,  and  3. 
2nd  „  „  -  -       do.        do.        and  2nd 

Class  in  Stage  5. 
Ist  „  -  -       do.        do.        and  2nd 

Class  in  Stage  6. 
2nd   „    Second  Stage   -         -    Stages  1, 2, 3,  and  6^  and  2nd 

Class  in  Stage  5. 
1st    „  „  -  -       do.    1,  2,  3,  5,  6,  and  2nd 

Class  in  Stage  7. 
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PAYMENTS. 


Special  pay- 
ments for 
Chemistry. 


Payments 
claimable  on 
the  results  of 
the  Honours 
Examinations. 


Form  of  Claim 
for  Payment. 


Teachers* 
traTelling 
expenses. 


Deductions  are  also  made  in  pajmenls  on  account  of  Sabject 
1.  to  the  amount  of  any  payments  that  have  been  nuide 
on  the  Second  Grade  Examinations  in  Art,  in  Practical 
Geometry,  Perspective  or  Mechanical  Drawing. 
XXXIX,  In  Chemistry  special  extra  payments 
will  be  made  on  account  oy  students  who  show  a  good 
knowledge  of  laboratory  practice.    These  paymnU 
will  be  105.  and  \L  extra  on  the  second  and  jirsl 
class  respectively  in  both  the  Elementary  and  the 
Advanced  Stage.    They  will  be  claimable  according 
to  the  same  rules  and  subject  to  the  same  deductions 
071  account  of  previous  success  as  the  ordinary  •pay- 
ments. 

A  payment  of  IL  is  also  made  towards  the  expenses  of  a 
student  for  the  study  of  practical  chemistry  in  a  school 
laboratory  {sec  §  LXIII.,  page  26). 

XL.  On  each  student  who  passes  in  the  First  or 
Second  class  in  Honours  4/.  and  21.  respectively 
are  claimable,  provided  the  student  has  already 
passed  through  the  elementary  and  advanced  stages 
after  instruction  in  a  Science  Class  in  connexion 
with  the  Department. 

XLI.  The  claim  for  the  payments  must  be  made 
on  Science  Form  No.  51,  or  on  Art  Form  No.  525, as 
the  case  may  be.  The  voucher  must  be  signed  by 
the  secretary  or  chairman  and  two  members  of  the 
Committee  at  least,  at  a  meeting  of  the  Committee 
held  specially  for  the  examination  and  certification 
of  the  claim.  (See  Science  Form  No.  51,  Appendix 
A.,  page  39.  N.B. — Many  details  with  regard  to 
payments  will  be  understood  from  the  cases  given  in 
this  form.) 

Special  grants  for  travelling  expenses  of  teacher 
will  be  made f  for  one  year  as  an  experiment^  but  onlji 
where  it  is  shown  that  there  is  a  local  organization 
for  a  general  system  of  Science  insti'uction  in  an  out- 
lying district  of  villages  or  small  towns  where  local 
teachers  cannot  be  obtained,  and  where  it  is  clearbf 
of  advantage  to  have  the  services  of  a  highly  qualij^ 
teacher  resident  in  the  district. 

Each  case  ivill  be  considered  on  its  merits^  ^ 
special  application  must  be  made  before  the  com- 
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mencement  of  the  session  explaining  the  exact  cir^ 
cumtances  of  the  case,  and  giving  an  estimate  of  the 
travelling  expenses j  second-class  railway  fare^  8^c. 
The  Department  will  then  decide  what  amount  shall 
he  allowed.  This  tmll  be  in  the  form  of  a  certain 
allowance  per  journey  on  the  production  of  the 
necessary  vouc/iers  and  the  satisfoctory  proof  thai 
fair  work  has  been  done. 

It  must  be  clearly  u7iderstood  that  this  gives  no 
claim  for  travelling  expenses  gena'ally^  arid  no  case 
will  be  considered  unless  the  application  has  been 
received  at  the  commencement  of  the  session  and 
sanctioned  by  the  Department. 

XLII,  A  general  register  must  be  kept  for  the  Begiaten. 
school,  and  an  attendance  register  for  each  class  in 
each  subject,  on  Forms  which  will  be  supplied  on 
application.  {Apply  for  Science  Forms  Nos- 139  and 
139a.)  These  registers  must  be  made  up  from  day 
to  daj,  and  will  be  examined  and  approved  by  the 
Inspector  on  his  visit.  They  must  be  sent  to  the 
Department  with  the  claim  for  payment,  and  no  grants 
will  be  made  unless  the  registers  are  properly  kept. 

a.  The  Committee  must  keep  a  General  Begister  (Science 

Form  No.  139)  of  all  the  pupils  attending  the  Science 
Classes  under  their  supervision,  in  which  the  name,  age, 
address,  and  occupation  of  each  student  must  be  entered. 
This  register  must  be  filled  in  hj  the  Secretary  or  a 
member  of  the  Committee,  and  not  by  the  teacher. 

b.  For  every  class  the  teacher  must  keep  a  register  of  attend- 

ance (Science  Form  No.  139a),  in  which  he  will  enter 
the  presence  or  absence  of  the  students  at  each  lesson. 
The  Committee  is  held  responsible  for  the  entries  being 
correct. 

c.  A  register  must  also  be  kept  of  the  attendance  of  the 

members  of  the  Committee  at  their  different  meetings. 
{See  page  8  of  Science  Form  No.  139.) 

XLilII.  All  payments  on  account  of  Science  instniction  in 
teaching  are  made  by  the  Science  and  Art  Depart-  g^^**^*^ 
ment.  They  are  only  made  in  respect  of  a  school 
in  connexion  with  the  Department  which  has  been 
approved  by  it,  and  which  is  open  at  any  time  to  the 
visit  and  inspection  of  its  officers.  No  such  payments 
are  made  in  respect  of  any  instruction  in  Science  that 
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may  be  given  during  the  three  attendances  of  an 
Elementary  School  receiving  aid  from  the  Edaca- 
tional  Department,  Whitehall. 

The  managers  of  an  Elementary  School  under  the  inspec- 
tion of  the  Education  Department  can  permit  their  pre- 
mises to  be  used  for  Science  teaching,  provided  tluu 
no  interference  be  allowed  with  the  primary  purposes  of 
such  Elementary  School,  or  in  any  way  with  the  three 
attendances  of  the  Elementary  School. 


Use  of  Elemen* 
tary  School 
premifes. 


Ezamination  XLIV.  On  the  occasion  of  his  periodical  visit  to 
loBMctor  school  or  class,  the  Inspector  will  inquire  and  see 

°  how  the  instruction  is  being  given,  examiniDgthe 

pupils,  if  necessary,  vivd  voce^  and  report  if  there  is 
sufficient  apparatus  for  the  satisfactory  teaching  of 
experimental  science.  If  the  Inspector's  report  of 
any  school  shows  that  the  instruction  is  inefficient, 
and  that  from  the  deficiency  of  proper  apparatus,  &c. 
it  cannot  be  otherwise,  the  Science  and  Art  Depart- 
ment may  refuse  to  make  payments  on  the  results  of 
the  examinations. 


Scholarships  and  Exhibitions. 

Schoiarshipi  XLV.  Grants  are  made  to  aid  local  efforts  in 
bWoM^  founding  scholarships  and  exhibitions.  The  scholar- 
ship is  intended  to  maintain  the  student  while  re- 
roaming  at  a  day  school,  and  the  exhibition  to 
support  him  while  pursuing  his  studies  at  some 
central  institution  where  the  instruction  is  of  a  high 
grade. 

Locii  XLV  I.  There  are  two  forms  of  local  scholarship 

SchoiBTBhips.       connexion  with  elementary  schools : — 

(1.)  The  Elementary  School  Scholarship; 
(2.)  The  Science  and  Art  Scholarship. 

By  elementary  school  is  understood  any  school  where 
elementary  insti'uction  is  given^  whether  aided  by  the 
State  or  not. 
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XL VII.  For  the  encouragement  of  advanced  sci-  Exhibitions, 
entific  instruction,  there  are  two  kinds  of  exhibitions  : 
The  Local  Exhibition. 
The  Royal  Exhibition. 

XLVIII.    Elementary  School   Scholarship. — A 
grant  of  6/.  is  made  towards  the  maintenance  of  a  schoTarsbips. 
deserving  student  to  the  managers  of  any  elemen- 
tary school  who  undertake  to  support  him  for  one 
year  and  subscribe  at  least  51.  for  that  purpose. 

Conditions.— 

a.  With  any  number  of  scholars  up  to  100  on  the  register  of  ConditionB  of 

the  school  there  can  be  but  one  such  Scholai'ship ;  above  2,^**^'"°f 
100  and  up  to  200  two  Scholarahips,  and  so  on  for  l^h^ 
each  100.  Scholarshipfl. 

b.  The  Scholarship  or  Scholarships  must  be  awarded  in  com- 

petition to  the  most  successful  student  or  students  in  some 
examination  of  the  school.  The  absolute  terms  of  the 
competition  and  the  award  of  the  Scholarship  will  be  left 
to  the  managers  of  the  school,  subject  to  the  approval  of 
the  Science  and  Art  Department. 

c.  The  scholar  must  be  a  student  of  the  industrial  class,  as 

defined  above  (see  §  XXXYL,  p.  13),  and  be  between  12 
and  16  years  of  age. 

d.  He  must  not  be  tJbe  teacher,  pupil-teacher,  or  other  paid 

servant  of  a  school. 

e.  He  must  continue  regularly  to  attend  a  day  school,  and — 

/•  Obtain  at  least  a  second  class  in  the  elementary  stage  in 
some  one  or  more  branches  of  Science  at  the  succeeding 
May  examination  of  the  Science  and  Art  Department, 
after  which  the  Department  grant  of  5/,  will  be  paid. 

Application  taust  be  made  for  the  Elementary  Date  of 
School  Scholarships  before  the  1st  March  in  one  HJfoT^t 
year,  and  the  Department  grant  will  be  paid  after 
the  May  examination  in  the  next  year.    {Apply  for 
Science  Forms  Nos.  280,  281,  282.) 

XLIX,  The  Science  and  Art  Scholarship. — A  Science  and 
grant  of  10/.  is  made  towards  the  maintenance  of  a 
student  at  a  day  school  who  has  taken  a  first  grade 
in  Freehand  or  Model  Drawing  and  Elementary  Geo- 
metry {see  Art  Directory,  p.  16),  and  passed  in 
one  of  the  subjects  of  Science,  provided  that  the 
managers  of  the  school  undertake  to  support  him  for 
one  year  and  subscribe  5/.  for  that  purpose. 
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Where  there  is  no  Art  Certificated  Teacher  the  examination 
in  drawing  can  be  held  by  the  Science  Class  Committee, 
to  whom  the  necessary  papers  will  be  sent 

Conditions. — 

a.  With  any  number  of  scholars  up  to  100  on  the  register  of 

the  school  there  can  be  but  one  such  Scholarship ;  aboTe 
100  and  up  to  200  two  Scholarships,  and  so  on  for  each 
100  scholars. 

b.  The  Scholarship  or  Scholarships  wiU  be  awarded  to  the  most 

successful  student  or  students  in  the  schooL 

c.  The  scholar  must  be  a  student  of  the  industrial  class,  as 

defined  above  {see  §  XXXVI.,  p.  13),  and  be  between  12 
and  16  years  of  age. 
cf.  He  must  not  be  the  holder  of  an  Elementaiy  School  Scbola^ 
ship,  the  teacher,  pupil-teacher,  or  other  paid  sertant  of  a 
school. 

€.  He  must  continue  regularly  to  attend  a  day  school,  and— 
/.  Obtain  a  higher  class  in  the  subject  of  Science  in  which  he 

has  already  passed,  or  pass  in  some  other  subject. 
g.  In  each  year  of  holding  the  Scholarship  he  must  pass  eith^ 

in  a  higher  grade  of  the  same  subject  or  in  a  new  subject 

Application  for  the  Science  and  Art  Scholar- 
ship must  be  made  before  the  1st  March  in  one 
year ;  the  successful  competitors  for  the  scholarship 
will  be  decided  at  the  May  examinations  of  that 
year,  and  the  Department  grant  of  10^.  will  be  paid 
after  the  May  examination  in  the  next  year.  {Affls 
for  Science  Forms  Nos.  283,  284,  285.) 

L.  It  rests  with  the  local  managers  of  the  scholar- 
ships— whether  '^Elementary  School"  or  "Science 
and  Art" — to  determine  for  how  many  years  the 
student  may  hold  the  scholarship,  but  in  no  case  can 
he  be  allowed  to  hold  it  for  more  than  three  years. 

Should  the  Managers  wish  the  holder  of  the  scholarship  to 
pursue  his  studies  at  another  school,  the  Department 
be  prepared  to  entertain  an  application  for  the  contixu- 
ance  of  the  payment  of  the  51,  or  10/.,  provided  the  o^fr 
conditions  are  still  complied  with,  and  all  the  cireu»' 
stances  reported  to  the  Department, 

LI.  Local  Exhibitions.  —  The  Science  and  Art 
Department  will  make  a  grant  of  25/.  per  annum 
to  the  Managers  of  any  school  or  educational  insti- 
tution, or  any  Local  Committee  formed  for  the  pur- 
pose, who  will  raise  the  like  sum  by  voluntary  con- 
tribution for  the  maintenance  of  a  student  at  some 
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college  or  school  where  a  thorough  course  of  scien- 
tific instruction  of  an  advanced  character  may  be 
obtained.  The  exhibition  may  last  for  one,  two,  or 
three  years, 

Cofiiiiiions.— 

<u  The  exhibition  must  be  awarded  in  competition  in  one  or  Conditions  of 
more  branches  of  Science  at  the  Maj  examination  of  the  obtaining  it 
Science  and  Art  Department.    The  managers  maj  select 
any  branch  or  branches  of  Science  for  the  competition,  and 
if  more  than  one  be  taken  they  may  fix  any  relative  amount 
of  marks  they  consider  best  to  assign  to  them. 

&  The  place  or  places  where  the  exhibition  is  to  be  tenable 
and  where  the  student  is  to  pursue  his  studies  may  be 
fixed  by  the  managers  subject  to  the  approval  of  the 
Science  and  Art  Department,  provided  that  the  exhibi- 
tioner shall  always  have  the  option  of  going  to  one  of  the 
following  institutions: — ^The  Royal  School  of  Mines  or 
Boyal  College  of  Chemistry,  London,  or  the  Royal  College 
of  Science,  Dublin.  If  either  of  these  Grovernment  insti- 
tutions be  selected,  the  fees  of  the  student  will  be 
remitted. 

e.  The  exhibitioner  must  be  a  student  of  the  industrial  class,  as 
defined  above  (see  §  XXXVI.,  p.  13). 

eL  The  grant  of  the  Department  will  be  paid  from  year  to  year 
on  condition  that  a  like  payment  has  been  made  by  the 
managers  or  Local  Committee,  and  that  the  student  has 
pursued  his  studies  satisfactorily  according  to  regulations 
fixed  by  the  Department. 

The  Local  Exhibition  must  be  applied  for  before  Date  of 
the  1st  March,   {FTrite  for  Science  Forms  Nos.  ^^^^^^^""^ 
286,  287,  288.) 

Thus,  for  example,  a  Local  Exhibition  which  is  to  be  com- 
peted for  in  May  1875  must  be  applied  for  before  the 
1st  March  1875,  and  the  Department  grant  will  be  given 
after  the  May  examinations  in  1876. 

LIL  Roifol  Exhibitions^  of  the  value  of  50/.  ^^^j^^^^j^g 
per  amium  tenable  for  three  years,  to  the  Royal 
School  of  Mines,  London,  and  the  Royal  College  of 
Science,  Dublin,  are  given  in  competition  at  the  May 
examinations. 

There  are  nine  Royal  Exhibitions  to  the  Royal  Competition 
School  of  Mines,  Jermyn  Street,  and  nine  to  the  conations  of 
Royal  College  of  Science,  Dublin,    They  are  of  the  holding  them, 
value  of  50/.  per  annum  each,  and  are  tenable  for 
three  yeais.    Three  Exhibitions  to  each  Institution 
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are  therefore  generally  vacated  each  year.  They 
are  competed  for  at  the  May  examinations,  and  are 
held  from  year  to  year  for  three  years,  on  the  con- 
dition that  the  holder  attends  the  lectures  regularly 
during  those  years,  and  passes  the  examinations 
required  for  the  associateship  of  the  school.  The 
Exhibitions  entitle  the  holders  to  free  admissions  to 
all  the  lectures,  and  to  the  Chemical  and  Metallur- 
gical Laboratories  at  those  two  institutions. 

All  persons  over  21  years  of  age,  excepting 
artisans,  and  such  as  come  within  the  category  of 
persons  paid  upon  under  §  XXXVI.  p.  13,  will 
be  excluded  from  competing  for  the  Royal  Ex- 
hibitions. Special  cases,  however,  must  be  deter- 
mined according  to  the  spirit  of  the  rules,  and  the 
object  of  the  endowment.  Candidates  should  register 
their  names  as  competitors  for  Royal  JSjchUntionSi 
and  send  in  Science  Form  No.  400  before  25th  Majj. 

LIII.  The  competition  for  the  Royal  Exhibitions 
will  be  determined  as  follows  : — 

The  maximum  number  of  marks  obtainable  in  each 
subject,  except  Mathematics,  will  be  in  the 
Elementary  stage       -  100 
Advanced  stage  -       -  200 
Honours   -  400 
In  Mathematics  the  numbers  will  be  in  the 


Ist  stage 

2nd  „ 

3rd  „ 

4th  „ 

5th  „ 

6th.  „ 
7th 


100 
200 
300 
150 
300 
200 
400 


Honours  500 
Honours  500 
Honours  600 


But  in  each  case  the  number  of  marks  gained  in 
the  Elementary  Stage  (or  in  the  1st  stage  in  Mathe- 
matics) will  be  diminished  by  the  minimum  number 
required  to  pass  in  that  stage,  and  the  number  ol 
marks  gainea  in  6ach  of  the  other  stages  ivill  he 
diminished  by  20  per  cent,  of  the  marks  obtainable 
in  that  stage. 
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The  remainder  will  then  be  added  together  to 
determine  the  candidate's  position. 

But  no  candidate  will  be  allowed  to  take  an  Ex- 
hibition who  has  not  obtained  in  Mathematics  at 
least  as  many  marks  as  are  required  for  a  second 
class  iu  the  second  stage. 

LIV.  Sir  Joseph  WliitwortJis  scholarships  of  the  whitworth 
value  of  100/.  per  annum,  tenable  for  three  years,  are  ScJ^oiarshipe. 
also  given  in  competition  at  the  May  examinations* 
Candidates  for  Whitworth  Scholarships  should  re* 
gisier  tlieir  names  as  competitors^  and  send  in  Science 
Form  No.  400  before  the  25th  May. 

Full  instructions  as  to  the  subjects,  time,  place,  conditions, 
&C.  of  the  competition  for  these  scholarships  are  given  in 
the  Whitworth  ProspectaSy  which  can  be  had  on 
application  to  the  Secretary,  Science  and  Art  Department. 

Building  Grants. 

LY.  A  grant  in  aid  of  a  new  building,  or  for  Grants  in  aid 
the  adaptation  of  an  existing  building,  for  a  School  of  ^je^f"* 
Science  may  be  made  fit  a  rate  not  exceeding  2^.  6d.  Schools, 
per  square  foot  of  internal  area,  up  to  a  maximum  of 
500/.  for  any  one  school,  provided  that  the  school — 

a.  be  built  under  the  Public  Libraries  Act  (13  &  14 
Vict.  c.  65. ;  18  &  19  Vict.  c.  70. ;  29  &  30  Vict, 
c.  114.),  {see  Summary  of  the  Law  relating  to  the 
establishment  and  maintenance  of  Public  Libraries, 
&c.,  Appendix  A.,  p.  47)  ;  or— 

b.  be  built  in  connexion  with  a  School  of  Art  aided 
by  a  Department  building  grant. 

And  provided  that  there  is  a  population  in  the 
neighbourhood  which  requires  a  School  of  Science ; 
that  it  is  likely  to  be  maintained  in  a  state  of  effi- 
ciency  ;  and  that  the  site,  plans,  estimates,  specifica* 
tions,  title,  and  trust  deeds  are  satisfactory. 

The  regulations  under  which  building  grants  to 
Schools  of  Science  are  made  will  be  found  in  Ap- 
pendix A.,  p.  49.  {Apply  for  Science  Form  No.  3490 
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Apparatus  Grants. 

LVI.  A  grant  towards  the  purchase  of  appara- 
tus, diagrams,  &c.,  of  50  per  cent,  on  the  cost  of 
them,  is  made  to  Science  Schools  and  Classes  taught 
by  duly  qualified  teachers  under  the  supervision  of 
Committees  constituted  in  accordance  with  the 
§  X.,  p.  4,  and  approved  by  the  Department 

If  at  any  time  it  is  found  that  the  apparatus,  ex- 
amples, &c.,  towards  the  purchase  of  which  a  grant 
has  been  made  are  not  properlj^  taken  care  of,  the 
aid  of  the  Department  may  be  withdrawn. 

Grants  on  the  same  scale  will  also  be  made  to  schools  or 
classes  not  under  qualified  teachers  in  cases  where  the 
total  value  of  the  apparatus  required  is  not  above  lOL 

LVII.  When  schools  or  classes  are  closed  and 
reported  by  their  Committees  as  not  likely  to  be 
reopened  again,  on  application  being  made  to  the 
Science  and  Art  Department,  permission  may  be 
given  for  the  disposal  of  the  apparatus  in  their  charge, 
towards  the  purchase  of  which  aid  has  been  given,  in 
one  of  the  following  ways : — 

1.  By  transfer  to  the  Committee  of  some  other 

Science  School  or  Class,  willing  to  accept  the 
apparatus  on  the  usual  conditions. 

2.  When  the  apparatus  has  been  used  at  least  two 

years  in  the  School,  by  its  becoming  the 
absolute  property  of  the  Committee  of  the 
school  on  their  repaying  to  the  Science  and 
Art  Department  50  per  cent,  of  the  amount 
contributed  hy  it  to  the  purchase  of  the 
apparatus. 

Apparatus  grants  will  onlj  be  made  on  the  condition  ilui 
Committees  will  transfer  the  apparatus,  on  the  dosing  of 
the  school,  when  another  Committee  is  found  wiUing  to 
purchase  it,  and  offers  terms  approved  by  the  Science  sod 
Art  Department. 

LYIIL  As  a  general  rule  no  endowed  school  is 
eligible  to  receive  a  grant  towards  the  purchase  of 
apparatus,  Scc.^  unless  considerable  local  contributions 
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are  made  in  aid  of  it ;  and  then  only  when  the  appa- 
ratus is  clearly  necessary, 

LIX.  Catalogues  containing  priced  lists  of  appar  Catalogue!  of 

ratus,  instruments^  diagrams,  books,  &c.  fi^m  vanous 

manufacturers  have  been  prepared  in  the  following 

sciences  and  can  be  had  on  application  : — 

(1.)  PracdoBl  ^kometiy,  Machine  and  Building  GonBtraction, 

and  Mechanics. 
2.)  Experimental  Physics. 
^S.S  Chemistry. 

(4.)  Geology  and  Mineralogy,  Natural  History,  (Physiology, 
Zoology,  and  Botany),  and  Physical  Geography. 

Tliese  catalogues  contain  the  highest  price  of  each 
article  on  which  the  aid  of  60  per  cent,  is  given.  The 
applicant  is  at  liberty  to  select  a  higher  priced  article, 
but  the  aid  towards  the  purchase  of  it  will  be  only 
50  per  cent,  of  the  highest  price  above  mentioned. 
Should  a  lower  priced  article  be  selected  the  aid  will 
only  be  to  the  extent  of  60  per  cent,  of  its  price. 

Schools  are  also  permitted  to  select  a  single  copj  of  each 
of  the  text  books  given  in  the  Syllabus,  towards  t^e  pur- 
chase of  which  similar  aid  will  be  granted. 

LX.  Connnittees  requiring  aid  in  the  purchase  Method  of 
of  apparatus,  &c.  shoiJd  apply  for  Science  Form 
No.  49»  and  also  for  the  catalogues  referred  to 
above. 

The  Committee  of  the  School  or  class  may  select 
any  of  the  manufacturers  whose  names  are  given  in 
the  catalogues. 

Orders  from  differrat  tradesmen  must  be  made  on  separate 
fbrms. 

In  flUmg  up  the  Form  No.  49,  the  number  of  the  apparatus 
given  in  the  catalogue  must  always  be  mentioned. 

LXI.  Payments,  including  charge  for  packing,  Paymenu  to 
must  be  made  in  advance  to  the  manufacturers  on  m^«^«tiiren. 
receipt  of  the  invoice.  The  goods  to  be  sent  at  the 
risk  of  the  purchaser.  On  obtaining  a  receipt  from 
the  Committee  of  the  School  (which  is  included  in 
the  form  of  Requisition)  that  the  articles  have  been 
received,  the  remaining  50  per  cent,  will  be  paid  to 
the  manufacturer  by  the  Department. 
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LXII.  Eicept  as  provided  in  the  next  paragrapb, 
apparatus  grants  are  rigorously  confined  to  artides 
of  a  non-destructible  nature ;  hence  no  aid  ^rill  be 
afforded  in  the  purchase  of  breakable  articles,  such 
as  glass  retorts,  tests  tubes,  &c.,  nor,  indeed  gene- 
rally, in  the  purchase  of  articles  to  be  used  by  the 
student,  as  distinguished  from  those  of  a  permanent 
and  illustrative  character  which  are  requiied  bj  the 
Teacher  in  giving  instruction  in  Science. 

Grants  are  only  made  in  the  purchase  of  one  object  of  the 
same  kind.  Duplicates  of  apparatus,  Ac  are  not  allowed 
at  the  reduced  rate. 

LXIIL  A  grant  of  11.  is  made  towards  the  ex- 
pefises  of  a  student  in  the  laboratory  for  a  yw^  o» 
condition  that — 

a.  The  School  is  reported  to  be  Jiirnished  with  a 

laboratory  sufficient  for  the  purpose  andfittd 
up  with  all  the  apparatus  given  in  the  officiol 
list.  (See  Science  Form  No.  402,  A^endix 
A.J  p.  45.) 

b.  That  the  student^  for  whom  the  payment  is 

claimed,  receives  at  least  26  lessons  of  not  less 
than  one  hour  and  a  half  each  in  lah&ratoy 
practice. 

c.  Andf  that  he  passes  in  the  Elementary  or  in  thf 

Advanced  Stage  of  Inorganic  or  Orga^ 
Chemistry. 

The  11.  payment  may  only  he  claimed  tseice^ 
in  two  separate  years,  on  account  of  the  same  studefA 

Where  two  students  use  the  same  set  of  apparatus  {see  Sek»ef 
Form  No.  402,  Appendix  v.  45),  the  payments  made  en  iheff 
account  towards  its  cost  unit  be  I5s.  eack^  pnmd/ed  As  otkr 
conditions  given  above  are  complied  with.  , 
Schools  wishing  to  take  advantage  of  this  regulation  must  sf^ 
in  Science  Form  No.  420  before  the  ISth  December  of  each 


Navigation 
Schoolf. 


SnPPLEMENTABT  GrANTS  IN  CERTAIN  SUBJECTS, 

Special  Aid  to  Teachers  and  Studenib. 

LXIV,  In  addition  to  the  ordinar;r  science  exa- 
minations in  May,  class  examinations  are  held 
in  Mathematics,  Navigation,  Nautical  Astronomy, 
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Steam,  and  Physical  Geography  for  the  benefit  of 
flea&iing  men — and  for  them  only — ^three  times  a 
year  in  all  seaports  where  Local  Committees  are 
formed  and  are  willing  to  widertake  them.  These 
examinations  take  place  in  the  beginning  of  March, 
September,  and  December.  The  application  for 
these  examinations  must  be  made  on  ocience  Form 
No.  119  before  the  10th  day  of  the  previous  month. 

These  examinations  are  only  allowed  when  there 
are  at  least  40  candidates  for  examination,  and  in 
such  subjects  and  stages  only  in  which  there  are  40 
candidates  in  the  United  Kingdom. 

The  paymeDts  to  properly  qualified  teachers  (see  §  XXXIII^ 
p.  12)  on  the  results  of  the  quarterly  examinations  for 
seamen,  will  be  according  to  the  same  scale  as  that  laid 
down  for  the  ordinary  May  examinations  {see  §  XXXYIEL, 
p.  14%  and  the  regulations  with  regard  to  Committees 
(tee  §§  X.  to  XVI.,  pp.  4  to  6),  registers  (see  §  XLIL, 
p.  17),  and  number  of  lessons  (see  §  XXXY.,  p.  13), 
must  also  be  carried  out  in  the  case  of  Navigation 
Schools. 

LXV.  Teachers  qualified  to  earn  payments  on  Special 
results  in  Subject  /.,  Practical,  Plane,  and  Solid  l^^^"^' 
Oeometn/j  are  qtMlified  to  earn  payments  on  results 
in  the  Art  examinations  of  the  2nd  Grade  in  Practical 
Geometry  and  Perspective.     (See  Art  Directory, 
pp.  16  and  24.) 

TAe  2nd  Grade  Art  Examinatum  in  Praeiieal  Geometry 
and  Perspective  Ufill  be  held  at  the  same  time  as  the 
Science  Examination  in  Syhject  J.  The  course  in  the  Art 
subjects  may  be  considered  as  a  preliminary  stage  to  that 
in  the  Science  subject. 

LXVI.  In  order  to  encourage  the  artistic  ability  Extra  gnmia 
which  may  be  shown  in  drawings  of  buildings  andg^^^J^ 
machines  executed  by  students  in  Science  classes  as 
exercises  in  Subjects  11.  and  III.,  grants  are  made 
to  tbe  Local  Committee  of  the  School  similar  to 
those  fcMT  works  executed  in  Art  schools  or  classes, 
provided  the  teacher  is  qualified  in  accordance  with 
§  XXXIII.  {see  p.  12),  to  earn  payments  on  the 


results  in  Subjects  11.  and  III. 
follows,  viz. : — 
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o.  A  payment  not  exceeding  15*-  for  any  one 
student,  on  account  of  every  artisan  student 
who  shall  submit  satisfactory  works  executed 
in  the  school  or  class  during  the  then  current 
school  year. 

(L)  In  Mechanical  and  Machine  dra^g; 
and» 

(2.)  In  drawing  details  of  Architecture 
from  copies, 

(Art  Directory,  p.  24,  §  3J,  and  p.  36,  Stage  23a.) 

b.  A  payment  not  exceeding  20^.  for  any  one 

student,  on  account  of  every  artisan  student 
who  shall  submit  satisfactory  works,  executed 
in  the  school  or  class  during  the  then  current 
school  year,  in  drawing  or  designing  for 
Architecture. 

{See  Art  Directory,  p.  25,  §  3(?,  and  p.  36, 
Stage  236.) 

c.  Architectural  Drawings  of  the  class  referred  to 

in  the  preceding  paragraph  (§6),  executed 
by  students  in  Science  schools  or  classes  are 
admissible  to  the  advantages  of  the  National 
Art  Competition,    (See  Art  Directory, p. 29) 

§11.) 

The  works  of  students  of  classes  in  Sabjecta  11.  and  m. 
are  not  excluded  from  the  advantages  of  this  rule,  e?eo 
if  such  students  should  be  teachers  in  other  Science 
subjects. 

Freeadmifltions    LXVII.  Free  admissions  to  the  lectures  at  the 
Mi^^d  Col.  Royal  School  of  Mines,  Jermyn  Street,  or  the  RoyJ 
1^  of  Science.  College  of  Science,  Dublin,  are  granted  to  any  per- 
son who  takes  a  gold  medal  in  the  May  examiaation 

Persons  who  have  taken  a  first  or  second  class  in  tte 
Advanced  Stage  in  any  subject  of  Science  in  the  examin** 
tions  of  the  Science  and  Art  Department,  and  who  show 
that  they  are  bonft  fide  Science  teachers,  may  attend  Ae 
day  lectures  gratuitously,  provided  that  they  be  examined 
in  at  least  one  subject,  paying  a  fee  for  such  examiitf^ 
of  one  pound  per  course. 

Candidates  who  have  obtained  a  first  or  second  class  in 
Advanced  Stage  may  obtain  tickets  of  admission  to  the 
Educational  and  Art  Libraries  at  the  South  Kennagtoo 
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Maseum  on  application,  by  letter,  addressed  to  the 
Secretary  of  the  Science  and  Art  Department. 

LXVIII.  Science  teachers  who  have  taught  two  visitaof 
years  consecutively  and  passed  not  less  than  30  S^^* 
students  each  year,  are  allowed  2nd  class  railway  fare 
and  3/.  towards  their  expenses  while  living  in  London 
— on  condition  that  they  remain  there  five  days  at 
least — ^for  the  purpose  of  visiting  the  South  Kensing- 
ton Museum  and  other  Metropolitan  institutions,  m 
order  that  they  may  acquire  for  the  benefit  of  their 
students  a  knowledge  of  the  latest  progress  in  those 
educational  subjects  which  affect  the  schools. 

Special  arrangements  with  regard  to  these  visits  may  be 
made  from  year  to  year. 

Far  the  year  1871  arrangements  will  probahly  be  made  to 
enable  a  certain  number  of  teachers  to  stay  about  six  weeks 
in  London  to  undergo  a  course  of  instruction  in  teaching 
certain  special  subjects.  Should  these  arrangements  be 
carried  out  such  tea^ihers  wUl  receive  30«.  a  week  instead 
of  the  above  payment. 

Before  he  proposes  to  take  advantage  of  the  grant  the 
teacher  mast  make  application  to  the  Secretary,  Science 
and  Art  Department :  he  most  abo  keep  a  diary  {apply 
for  Science  Form  No.  302)  during  his  stay  in  London, 
giving  the  names  of  the  institutions  he  has  visited,  with 
brief  observations  on  them. 


Note. — Science  Form  No.  170  {see  next  page) 
gives  specific  instructions  as  to  the  dates  of  returns, 
&c.  Special  attention  is  called  to  this  and  to  its 
concluding  paragraph.  All  the  forms  alluded  to  in 
this  Directory,  as  well  as  the  Science  Directory  and 
the  Art  Directory  (price  Qd.  each),  can  be  had  on 
application  to  the  Secretary,  Science  and  Art  De- 
partment, South  Kensington,  London,  W. 

Letters  addressed  thtis  need  not  be  prepaid  in  the 
past. 


Digitized  by  GoOglC 


Digitized  by  GoOglC 


31 


APPENDIX  A. 


Fosus  and  iNSTBFCnoKS  for  QumAiTCE  in  establisbing  ancL 
maintaiDing  SaKNCE  SCHOOLS  and  CLASSES. 
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TABLE  OF  HEMORAKDA. 


SCIENCE  FORM,  No.  170. 


MEM0IAIDA  F0I  Til  0SE  0F  SECIETAIIES  AID  MIMillS  OF  SfilUU 

C0MMITTEES. 


Dates. 
Constantly  -  - 

When  required 
Ut  November 


Before  2Sth  Feb.  - 
Before  SUt  March 

Before  24th  April  - 
On  the  27  th  April 


During  the  May 
egaminations. 


To  visit  the  School  and  see  that  the  Registers  are 
kept  from  day  to  day>  and  that  the  re^^ulstsons 
of  the  Department  are  duly  earned  out. 

To  summon  a  meeting  of  the  Committee  on  the 
occasion  of  the  visit  of  the  Inspector. 

The  Report,  Science  Form  No.  120,  informing  <he 
Depiotment  of  the  existence  of  a  school  must 
be  carefully  filled  in  and  sent  immediately  on  its 
opening,  or  if  it  be  an  old  school,  on  its  re- 
assembling^ after  the  vacation.  This  must  be 
accompanied  or  closely  followed  by  Form  No.  88, 
forming  the  Committee^  or  No.  168,  continuing 
a  Committee. 

Note.— If  the  Committee  qf  any  School  or  Clatt  haiM^ 
beenatleaHpr<Hn9ionalhapprof>edbytheJ)epaf<^ 
the  let  cf  February  in  any  yean  no  payments  wUbe  madeM 
the  reauUe  qfthe  examination  qf  that  School  or  Clan  m  (hi 
ensuing  May, 

To  send  Form  No.  329,  stating  in  what  subjects 

examination  will  be  required. 
To  send  Form  No.  119,  giving  the  precise  number 

of  candidates  in  each  subject  at  the  examination 

in  May. 

Note.— No  examination  wiU  be  heidjuhere  these f^ms  haft 
not  been  sent  in  by  the  dates  named. 

To  see  that  Form  No.  91  is  hung  up  in  the  School- 
room. 

If  a  parcel  containing  (1)  the  papers  for  the  candi- 
dates to  work  upon,  (2)  copies  of  Form  No.  91, 
one  for  each  day's  examination^and  (3)  envelopes 
in  which  to  return  the  worked  papers,  should  not 
have  been  received,  or  if  there  should  be  any 
mistake  in  the  numbers  sent  for  each  subject  ss 
applied.for,  or  in  the  covering  letter,  to  communi- 
cate at  once  to  the  Department. 

The  examination  papers  for  each  evening  will  leave 
London  by  the  night  mail  two  evenings  before, 
Le.,  Thursday  evening  papers  will  leave  on  Tues- 
day evening,  Friday's  on  Wednesdav  evening, 
Monday's  on  Friday  evening,  etc.*  Should  tbc^ 
not  amve  accordingly,  a  telegram  to  be  sent  at 
once  to  the  Department. 
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On  the  €9«itm9  qf 
examinaHon. 


4fttr  theMay  a»- 


The  candidates,  being  all  seated  at  6.50,  to  read 
out  the  rules  on  Form  No.  91,  then  give  out  the 
papers  to  be  worked  on.  Then  at  6.55  to  break 
the  seal  of  tiie  examination  papers  and  distribute 
to  the  candidates.  To  adhere  rigidlj  to  the  rules 
on  Form  No.  91.  To  sign  Form  No.  91.  To 
seal  up  the  papers  in  one  of  the  envelopes  pro* 
vided  and  at  once  post  them. 

If  no  candidates  are  examined  the  envelope  of 
exawdnaium  papers  to  be  returned  unopened,  or  %f 
two  sets  of  papers  have  been  sent,  one  set  to  be 
returned  unopened.  To  return  Form  No.  400 
before  2dth  May. 
On  receiving  printed  lists  of  the  results,  to  give 
one  copy  to  each  candidate  whose  name  appears 
in  it  as  being  sucoessful;  to  inform  the  others 
that  they  have  failed. 
To  return,  as  soon  as  possible.  Form  No.  161, 
filled  up  in  strict  accordance  with  the  rules  on 
Form  No.  110.  (Prize  List).  To  call  a  meeting 
of  the  Committee  to  examine  and  certify  the 
Teacher's  claims  for  payment.  Form  No.  51,  and 
the  School  and  Class  Registers,  which  must  be 
sent  up  at  the  same  time.  To  return  Form  No. 
108. 

To  keep  a  record,  and  inform  the  Department,  of 
the  number  of  individuals  examineo. 
Note. — Whenever  it  becomes  necessary  to  write  to  a  school  for  a  form, 
or  for  a  return  which  ought  to  have  been  made,  and  through  neglect  has 
not  been  sent  in,  a  stoppage  of  Jive  shUUngs  will  be  made  from  the  next 
payments  on  results;  and  for  every  day's  delay  through  neglect  in  sending 
in  the  returns  noted  on  this  form  a  stoppage  of  half-a-crown. 


SCIENCE  AND  ART  FORM,  Ka  88. 

LI6AL  eOMMITTUS  F0I  SCHOOLS  AID  CLASSES  lECEIVIIC  AID 
THIOVCH  THE  SCIEHCE  AID  AIT  DEPAITMEIT. 

1.  A  Local  Committee  of  not  less  than  five  well-known  responsible 
pecBona  must  be  formed  in  connexion  with  every  school  or  class,  in  order 
to  comply  with  the  necessary  requirements  of  the  Science  and  Art  De- 
partment and  to  cany  out  various  arrangements  on  its  behalf  necessary 
for  testing  the  efficiency  of  the  instruction,  on  the  proof  of  which  alone 
tiie  aid  of  the  Department  will  be  given. 

2.  The  gentlemen  who  intend  to  act  on  this  Committee  must  sign  the 
form  on  the  next  page,  stating  their  willingness  to  carry  out  the 
necessary  arrangements  for  examinations,  and  to  observe  all  the  regula- 
tions of  the  Department ;  each  member  after  signing  must  also  give  his 
address  and  occupation.  Care  must  be  ti^en  that  the  memoers  who 
sifipi  the  form  are  properlv  acquainted  with  the  duties  they  propose  to 
discharge ;  a  summaiy  or  these  duties  is  given  below  (see  $  5),  and  thev 
are  laia  down  at  greater  length  in  the  Science  and  Art  Directories,  which 
can  be  obtained  on  application  to  the  Secretary  of  the  Department. 

3.  When  a  school  or  dass  is  first  formed,  the  form  on  the  next  page 
must  be  signed  at  a  general  meetinff  of  the  Committee.  If  the  same  Com- 
mittee continue  to  nust,  it  will  onlv  oe  necessary  to  fill  up  Form  No.  168, 
wfaidi  expresses  the  wUlingness  of  the  members  to  undertake  their  duties 
Ibr  another  year :  but  no  one  can  be  a  member  of  a  Committee,  nor 
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assist  in  tbe  conduct  of  an  examination,  who  has  not  signed  the  form  on 
the  next  page. 

The  relation  of  the  teacher  to  the  Committee  of  a  school  or  clsu 
will  vary  mnch,  according  to  the  vaiying  circumstances  of  differeaft 
localities.  With  this  and  other  local  arrangements  the  Scdenoe  and  Art 
Department  does  not  interfere,  but  leaves  them  to  the  locality  to  settle. 

5.  The  Science  and  Art  Department  requues  that  the  Local  Committee 
hall— 

a.  Be  responsible  for  the  safe  custody  of  all  apparatus  towards  the 
purchase  of  which  the  Department  has  granted  aid. 

h.  Provide  a  room  or  rooms  of  sufficient  size  to  carry  out  the  amnul 
examination  according  to  the  detailed  regulations  under  thst 
head.  This  examination  is  of  all  persons  who  vnBh.  to  present 
themselves,  and  not  only  of  those  attending  the  s^mkiI  or  daas ; 
but  those  pNcrsons  who  do  not  belonfir  to  the  school  or  class  mnit 
send  in  their  names  at  the  appointea  time,  and  may  be  reqund 
to  pay  a  registration  fee  of  2s.  6d.  for  the  whole  examinatioiL 

c.  See  that  the  school  re^sters,  showing  the  occupations  of  the 
various  students,  their  attendance,  number  of  lessons,  nayineDts 
of  fees,  &c.,  on  the  approved  forms  (Science  Forms  Kos.  1^ 
and  139^,  and  Art  Forms  Nos.  531,  532,  533,  and  534),  be  kept 
properly  filled  up,  and  sent  to  the  Science  and  Art  Department 
when  required. 

d.  Send,  when  reauired,  to  the  Secretary  of  the  Science  and  Art 
Department  the  list  of  students  to  be  examined,  specifying  the 
subjects  ill  which  they  are  to  be  examined.  Be  responsible  for 
conducting  and  superintending  the  examinations  in  aocordapoe 
with  the  rules  of  the  Department ;  giving  out  the  examination 
papers  which  will  be  sent  for  that  purpose :  seeing  them  £uily 
worked  and  certifying  to  the  same,  not  less  than  three  of  the 
Committee  being  always  present :  and  sending  the  worked  papers, 
under  seal,  by  the  day's  post  to  the  Secretai^  of  the  Sdence  snd 
Art  Department. 

e.  When  required,  transmit  to  South  Kensington  works  for  exami- 
nation executed  in  the  school  during  the  previous  year,  and  make 
an  annual  report  of  the  proceedings  of  the  school  or  class. 

/.  Certify  that  those  students  on  whose  examination  daimt  to 
parents  on  results  are  based,  are  artisans  or  operatives,  or  can 
claim  as  such ;  and  that  the  payments  claimed,  are  due  aeocffling 
to  the  regulations. 

g.  Certify  that  those  students,  on  account  of  whose  instruction  in 
Science  payments  are  claimed,  have  recdved  25  lessons  at  least 
from  the  teacher  in  the  year,  or  since  the  last  examinatioD,  on 
their  passing  at  which  payment  was  claimed  on  their  aooouni 

6.  The  school  or  class  must  be  at  all  times  open  to  the  visit  and  in- 
spection of  the  officers  of  the  Science  and  Art  Department  as  a  condition 
for  the  grant  of  aid  from  it ;  if  at  any  time  it  is  found  that  the  apparatus, 
examples,  &c.,  towards  the  purchase  of  which  a  grant  has  been  made  are 
not  properly  taken  care  of,  or  that  a  proper  room  with  firing,  lighting,  &e., 
is  not  provided  for  the  class,  the  aid  of  the^Department  may^be  with- 
drawn. 

7.  The  school  or  class  will  be  inspected  periodically  by  an  officer  of 
the  Science  and  Art  Department,  who  will  report  Aether  the  ryJatioai 
be  strictly  carried  out.   At  his  visits,  of  which  due  notice  will  be  gireo, 
a  meeting  of  the  Committee  must  be  held  to  receive  him,  wiun 
many  of  the  members  as  possible  are  expected  to  attend«^ 
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FoBX  of  AmjOATioir  to  aet  at  a  Coxxittsb  for  a  School  or  Clabs  neeiyiiig 
Aid  through  the  Scxbugb  and  Art  DBPABnoarr. 

Tkit  Form  it  to  be  filled  in,  ugKed  at  a  gmeral  wteetmg  of  the  Commtieef 
ami  rtimmed  to  the  Departmemi  immediateiy  on  die  formatUm  of  a  aehool  or 
date. 

ffAe  Committee  of  emtf  eehoel  or  eUtee  hoe  not  been  ai  leaet  pnwieionaBy 
approved  bm  the  DepartmetU  before  the  let  February  in  any  year,  no  vaymenU 
wM  be  made  on  the  reenUe  of  the  examinaiion  tn  the  eneuing  May  of  that  echool 
er  tkue. 

When  a  Committee  continuee  to  act  for  another  year  for  a  echool  or  date. 
Form  No,  168  should  be  tranmitted,  and  thie  form  be  signed  by  new  membere 
only. 

Wt,  the  iindenignedy 

01.  The  Committee  mntt  oonsiet  of  a  Chainnan,  Seoreterj,  end  at  leaet  thiee  other 
Memben»  and  most  be  eomiMMed  entirely  of  weU-Known  reepomtble  penons 
of  independent  poeltkMi,  wbo  hareno  nieh  pereonal  intenit  in  the  echool  or 
claM  as  can  Iw  them  open  to  the  eliKfateet  euapieion  of  pertialitr.  Belationa 
and  pujiils  of  the  teacher,  pereone  wiahixig  to  oe  examined,  or  who  are  nnder 
tostmetion  in  any  ichool  or  cUws  reoeiTix«  aid  from  the  Science  and  Art 
Department,  and  teachers  of  any  deeoription  having  pupile  who  are  candi- 
dafies  for  the  examinations  of  the  Depardnent*  are  not  eligible  as  membera 
of  the  Committee. 

Nom— a.  gentleman  whose  son  or  daughter  attends  any  examination  of 
the  Science  and  Art  Department  is  thereby  disqnalifled  ftrom  superintending 
any  of  the  eiaminations  that  year,  though  he  may  aet  cn  the  Committee 
in  other  reqpects. 

I.  It  is  very  desinble  that  as  mamr  persons  as  possible  in  reooanised  positions  of 
paUio  responsibility  in  the  <U8trict,  such  as  Msgistrstes,  Municipal  Autho- 
rities (Msyor;  Aldermen,  or  Town  CkmnciUors),  Heads  of  Educational  Esta- 
bUahments  (Trustees  of  Gsammar  Schools,  Managers  of  National  Schools), 
Clergymen,  Ac,  should  be  on  the  Committee.  It  is  dbeoMehf  neoetearw  that 
at  lesst  two  such  responsible  persons  should  agree  to  act. 

K  The  Chainnan  must  be  a  Magistrate,  Mayor,  BoronghreereL  Frorost,  Aldei^ 
man,  or  other  publio  officer  of  recognised  position.  Trustee  of  Orsmmar 
School,  Clergyman  of  the  Established  Church  tn  parochial  employment, 
or  minister  of  religion  in  charge  of  a  licensed  phfce  of  public  worship. 
Ue  will  have  to  certQy  that  the  constitucion  of  the  Committee  is  in  aooord- 
ance  with  the  aboTo  requirements. 
7.  The  Secretanr  of  the  Committee  of  the  School  or  Claa8,as  beina  the  medium 
of  oommumoation.  will  carry  on  all  correspondence  with  the  Soence  and  Art 
Department,  and  is  held  responsible  for  maUxig  out  and  sending  all  returns 
required,  for  the  receipt  and  distribution  or  the  examination  papers,  the 
transmission  of  the  worked  papers,  ftc,  at  the  proper  times  acoording  to  the 
regulations] 

propose  to  aet  at  the  Local  Committee  ibr  the 


CflelcoM  SekMl,  Relcnea  C1m%  Icaoell 
orArtiarAftMlfktClMk  J 


held  at  the  ["'^5U5£S***] 


niHiMerBtntri 

1    vFtoM.  J 


CNmm  of  City,  TowB,! 
or  VIUMOb  J 

and  taught  by  
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We  undertake  for  the  year  ending  Slat  August  18  at  leaat,  and  ftrther  till 
another  Committee  aatia&otory  to  the  Seie&ee  and  Art  Deptxtment  his 
been  appointed, 

1.  To  be  responsible  for  the  safe  custody  of  all  the  Apparatus,  Dia- 
grams, Examples,  Casts,  &c.,  towards  the  purchaae  of  ▼hieh  the 
Department  htis  in  any  way  contributed. 

2.  Hiat  three  or  more  of  our  number  will  be  ready  at  the  appomted  time 
to  be  present  at,  and  superintend*  the  examinations  of  &  Sehool  or 
Class  according  to  the  instructions  of  the  Scienocr  and  Art  D^ait- 
ment,  and  give  the  teachers  the  necessary  Touchers. 

3.  That  a  room  or  rooms  shall  be  provided  for  the  due  carrying  out  of 
such  examination,  according  to  the  rules  of  the  Department,  providing 
sufficient  space  for  the  examination,  not  only  of  all  persons  taught  in 
the  School  or  Class,  but  of  all  others  who  may  wish  to  attend  the 
examination. 

4.  When  required  to  transmit  to  South  Kensington  works  for  exami- 
nation, and  to  make  an  annual  report  of  the  School  or  Qaas ;  and  to 
comply  with  the  regulations  of  the  Science  and  Art  Department. 

(A  fee  of  not  more  than  £«.  may  be  chaned  on  each  appliciot  for 
examination  who  is  not  a  student  in  the  dasa,  to  reimbune  the  Committee  for 
any  extra  expenaea  they  may  be  put  to  in  providing  a  room.) 

5.  That  the  School  or  Class  shall  be  open  at  any  time  to  the  visit  and 
inspection  of  the  Officers  of  the  Science  and  Art  Department 


SiairxTusB. 

j  AnnsBBs. 

,  Oooupation,  apeoiaUy  statiog 
1  how  fulflUing  the  eonditiooa 
'of  rules       and  "  r  abOTfc 

Cfhttirman. 

Secretary, 

I  certify  that  this  Committee  complies  with  ihe  requirements  of  the  niks 
h,  i,  and  k. 


CSbtnuia. 

It  occasionally  happens  that  there  are  gentlemen  interested  in  the  school  whom 
it  would  be  advantageous  to  have  on  the  Committee,  but  who  are  dis- 
qualified according  to  rules  A,  t,  A,  from  acting  on  the  Committee  in  say 
of  the  business  connected  with  the  examinations.  These  gentlemen  most 
sign  the  form  below. 

We  agree  to  the  preceding  undertaking  with  the  exception  of  danse  S. 


8ioiri.TTnis. 

AnnnBss. 

OOCVFATIOV. 

I  recommend  that  the  gentlemen  named  above  may  be  allowed  to  afltoB 
the  general  committee  of  management,  it  being  understood  that  they  will  hm 
notmng  to  do  with  the  examination. 


 CkainuM. 

The  Secretary  f 

Science  and  Art  Department, 

South  Keneinffton,  London,  W, 
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FOIM  OF  APPLICATIOI  TO.  REIEW  A  OOMMiniE. 

To  he  sent  in  be/ore  the  30th  November. 

Sib, 

Wb  liaye  the  honour  to  infonn  yon  that  a  meetiog  of  the  Committee  of 

the  rsdaaea  School,  Sdeneo  CtaM,  Befaool-I 

•  L       of  Azt,or  Art  NicfatCUM.  J 

otabBahed  at  the  |-N«jofjjg|^ 

«i  r  K«m«  of  TowBl 

■»  L  oryni^  J 

wBf  hdd  at  the  [mS55.] 

on  the  >  at  which  the  following  memben  were 

pNacnt:~~ 


and  we  were  anthorieed  by  them  and  the  following  members, 


who  eonid  not  attend,  to  infbnn  yon  that  they  are  prepared  to  oontinne  to  aet 

as  the  Committee  of  the  ^["cKL*"] 

in  the  year  endmg  Slat  Angnat  18  • 

We  have  also  to  inform  yon  that  additional  members  who  have  joined  the 
Committee  have  signed  the  enclosed  Ponn  No.  88.    [Thu  puaii«ph  i*  u  ouod  if 

It  Smm*  apply.] 

The  School  wiU  be  tanght  by  the  following  teachers  dnring  the  session 


We  have  the  honour  to  be,  Sib, 

Tonr  obedient  Servants, 

 Chairmam, 

 Secretary^ 

To  tke  SeereUuy, 

Science  and  Art  Deparimentf 

South  Kenmnffton,  London,  W. 
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ANNUAL  WPOm. 


SCIENCE  FOBM,  No.  ISO. 

SCIEICE  CLASSES  DNDES  TEACHESS  QUALIFIED  TO  EASI  PAYMEITS. 

AinruAL  BspoRT  of  Sgisnge  School  or  Ci^Afls, 

To  be  made  on  its  establishment,  and  annually  immediately  on  recommendng 
after  the  summer  vacation. 

In  all  ccues  this  form  must  be  tent  in  before  the  Ut  November. 

Name  of  Town  

Place,  as  Mechanics'  Institution,  &c.,  "1  

in  Trhich  the  Classes  are  held  j 

Name  of  Street,  No.,  &c.  


Teachers'  names. 

Their  priyate  addressei. 

Total  No*  of  indiyidnal  Students  

(If  a  student  attends  two  or  more  classes  he  must  only  be  counted  as  one  itodent) 


CLAssssiir 
(state  subject 
tn  terms  of 
the  Bcienoe 
Directory). 

Tees. 

No.  of 
Students. 

BsM  on  which 

they  meet. 

Hours  of 
Meeting. 

PferiodoftheTjK 

durt^whieb 
theClsiMOootiime. 

Secretary, 
Addre9§  tf  Secntarf, 
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Appliflatioii  for  Payment  firom 
Belenee  Teaol&er  la 


rNameon 
-LtMKlicr.J 

CVameof  KhooTl 
ortxutlUtkm.  J 

rNamoftowv-l 
orTlllag*.  J 


Onbehalf  of  the  Committee  of  Management  of  this  School,  We  do  hereby 
emify  that 


(1.)  Mr._ 


_has  dnly  peifonned  the  yarions  dnties 


derolying  upon  him  as  a  Science  Teacher  in  the  School,  during  the 

 ending  day  of^  18 

(2.)  He  has  given  the  following  students  at  least  25  lessons  during  the 
year,  or  since  the  last  examination  at  which  pajrment  was  claimed  on 
their  account,  in  each  subject  for  which  payment  is  claimed. 
(3.)  The  under-mentioned  students  belong  to  the  industrial  classes,  as 
coming  within  one  of  the  following  categories 

a.  ArtiMDs  or  opentiTes  in  the  receipt  of  weekly  wages. 

0.  CoMtgnardfl,  policemen,  and  others  who,  though  in  the  leoeipt  of  weeUy 
wacei,  do  not  support  themselves  by  manual  ubour. 

e.  Teaohen  of  elementary  schools  in  connexion  with  the  Education  Depart- 
ment, IHiitehall^or  the  National  Board  of  Education,  Ireland. 

d.  Persons  in  the  reoeipt  of  salaries  not  Itfge  enough  to  render  them  liable  to 

the  income  tax,  as  some  descriptious  of  clerks,  shopmen,  kc 

e.  Small  shopkeepers  employing  no  one  but  members  of  their  own  family,  and 

not  assessed  to  the  income  tax. 
/.  Tndesmen  and  manufacturers  on  their  own  account,  supporting  themselves 

by  their  own  manual  labour,  not  employing  apprentices,  journeymen,  ftc. 

utd  not  assessed  to  the  income  tax. 
g.  The  chUdren  (not  gainii^  their  own  livelihood)  of  all  such  persons  above 

mentioned. 

Examined  aad  certified  at  a  meeting  of  the  Committee  held  for  that  pur- 
pose at  [SiSilj  on  the  day  of  18  . 

 Chairman  or  Secretary, 

 "I  Two  meat" 

\  hereof 

 J  Committee, 


I  hereby  certify  that  the  following  particulars  are  correct 


 Teacher. 

tSteU  tew  quallS«4n 
tOMmpATBMBL  J 


S.B^Ite 


"Saxes  of  Passed  Stuoxnts. 


Tht  MBM  «f  th«  itadcBit  mnit  be  amMvd  alpluibtttlran; 

ViM«d.cMataawMnteltM,hl«MT«falsiiccctfct(if  h«b«iL  

tke  MBoaat  dalmd  on  eaeh  meeua,  after  flukiag  tte  propnr  dcdudloDS. 


aftar  weh  itadrnt*!  aasM  matt  b« 
r«  U»n  om);  and  In  the  last  eolana 


Christian 
Name  in 
ftilL 


Trade,  or 
Esther's 
Trade. 

Whealkthei^ 
tndeb  Ktrvn 
pater.)  after  a. 


which  of 
the  Date- 

Clahn  U 


Position  at  the  late 
Bxsmfaiation. 


InJnbic 


In 

iHMBvb. 
Jcct  In  any 


ment 
claimed. 
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-  APPLICATION  TOR  PAYMEOT. 


[SPBCIMBN.] 

SCIENCE  FORM,  No.  51. 


AppUcatloB  Ibr  Vayment  flron       WiUiam  Btown,  [JSSif] 

flelenoe  TMUflier  la  the  Mechanic^  InsUtutef  f'llTLJitatfS! ] 
at  Worksop  ["raSjT] 


On  bebalf  of  the  Committee  of  Management  of  this  School,  We  do  henhj 
certify  that : — 

(1.)  Mr.  WiUtam  Brown  has  duly  performed  the  varioua  duties  derolriag 
npon  him  as  a  Science  Teacher  in  the  School,  doling  the  year  ending 
30th  day  of  June  \S70; 

(2.)  he  has  given  the  following  students  at  least  25  lessons  daring  the 
year,  or  since  the  last  examination  at  which  payment  was  daisied  on 
their  account,  in  each  subject  for  which  payment  is  claimed  ; 

(d.)  the  under-mentioned  students  belong  to  the  industrial  classes,  ai  comiag 
within  one  of  the  following  categories : — 


Artisans  or  operatives  in  the  receipt  of  weekly  wages. 
"    '       '      "  ...        -    tjiop^  In  ^ 

waffeSfd  . .      "       "     " . 

e.  Teachers  of  elementary  schools  in  connexion  with  the  £dueatiOD])fl|»HaBaBt» 


Coastguards, 'policemen,  and  others,  who 

I,  do  noit  support  themaeWes  by  manual  labour. 


the  lecelptorvaeMy 


Whitehall,  or  the  National  Board  of  Bdncation,  Ireland. 
Persons  in  the  receipt  of  salaries  not  huve  enough  to  render  fhsm  IBMfb  to 
the  income  tax,  as  some  descriptions  of  clerks,  shopmen,  fto. 
e.  Small  shopkeepers  employing  no  one  but  members  of  tibeir  own  fHDiSy,SDd 

not  assessed  to  the  income  tax. 
/.  Tradesmen  and  manufacturers  on  their  own  account,  supporting  tbesuelvei 
by  their  own  manual  labour,  not  employing  apprentices,  JoumejaMn,AcL, 
and  not  assessed  to  the  income  tax. 
ff.  The  children  (not  gaining  their  own  livelihood)  of  all  such  persons  sbove 
mentioned. 

Examined  and  certified  at  a  meeting  of  the  Committee  held  fbr  that  purpose  it 
,  the  Mechanics  Institute^  Worksop  on  the  25tk  day  of  My  1870. 

John  Richards,  Chairman  ep  ScOI€ta!y> 


4!fred  ff.  Dickson  l'^^. 
J^a^ter  Harrison 

I  hereby  certify  that  the  following  particulars  are  correct. 

William  Brown,  Teaeber. 


Snd  Class  CertificaU  in  /.,  //.,  ///. ;  isi  Class  in  X.  and  rm 
XL,  1S67}  2nd  aass  in  VIIL  and  IX.,  iSeS ;  2nd  Class  L' 
Honours  in  /F.,  4869. 

Nambs  ot  Passed  Studehts. 

H.B.^Th*  Bums  of  the  itudniti  mast  be  arranged  alphabcttealljr,  Aftar  earh  atvdnri 
plaeed,  each  to  a  urparate  line,  bis  MTpral  niceettet  (If  tie  has  mora  Uian  one}  t  and  la  t 
the  amotmt  claimed  on  each  snceete,  after  makiof  the  proper  deductiom. 


,hp>,«lMei'| 
MnperMl  J 


Surname. 

Christian 
Name 
infUU. 

.   Trade  or 
Father's 
4S|g|  Trade 

WbaDlkthei^ 
trade  U  fivni 
put  (/)  after  It. 

State 
OBder 
which  of 
Um  Cate- 
pHca,a, 

made. 

Poaiti 
Ex 

Sohlwt. 
In  Jle. 

merab. 

aasXXl 
aminat] 

SUff*. 

lelate 
on. 

dan. 
mtrSt. 

mmS^ 

pMWTwae 
natiOB. 

ftr; 

BMnt 
dahnel 

Adams  • 

M 

Jchn 
James. 

u 

H 
n 

Tailor  if.) 
»* 

Carried  09( 

«. 

n 

X 
XL 

A. 
E. 

4 
» 

is 
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Kaices  of  Passed  Students. 


JLB.-TW  1 


I  of  tte  ■tadMli  moat  b*  amn(Ml  alphabetically.  After  Mch  itadant'i  i 

*"  *  "iM,hbMV«rBlioec«tMa(irh«liBsmor«Uianoa'"  "  ' 

h  luoean,  altar  maUof  the  pcopar  dedaetlona. 


Chiistiaii 
Mmme 


II 


Tnde,or 
Father's 
Tnule. 


trade  U  ctvca 
p«t(/.)aftcrlt. 


whlrhof 
the  Gate. 


Claim  U 


Position  at  the  late 
Examination. 


JnJI*. 


Jectlnaay 


ment 


CarUr  - 
Jamm  • 


Miekard 
pJer 

n 


Jrtkur 

JET. 

CkarUa 


SroMaht/artBard 


WitUmm 


Clerk  in 
Oa9Work9. 
Srieklaifer 


Pott- 
PtibSean 

Joiner^s 
App. 


Pupa- 


a. 


z 

6. 


/. 
///. 
/. 

J/. 
IT, 
YUL 

IX. 

IT, 
and  F. 

IV, 
and  r. 

ir, 

andV. 

IV, 

nd  F. 

IV. 
and  V. 

IV, 
and  V, 

IV, 
and  V, 

IV, 
and  V, 


IS, 
A, 
A. 

A. 

J9. 


S, 

9 
4 

a 
4 

6 
a 
s 
7 


S,8 

Jg.M 
JB.9 
A.M 

Km 

S,8 
A,Min 

IV, 
S,9in 

IV. 
A.4wn 

IV, 
RsinV. 


A,»im 

IV, 
JS,aimV, 


B  9. 

a  o 

4  40 

4  O 
4  O 

4  a 

4  O- 
4  O 
•  9 

0  49 
f  9 

NO, 

4  9 

4  O 

4  9 

4  O 

4  0 

4  O 


MO  O 


S6330. 
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RULES  FOB  CONDUCTIKO  AN  EXAMINATION. 


8CIEKCB  FOBM,  No.  91. 


 :    ftllLES  FOR  THE  CONDUCT  OF  SCIENCE  EXAHnNATIONI. 

The  following  ruks  must  he  hung  up  in  the  examination  room  or  the 
class  rooms  for  the  information  of  the  candidates  one  week  before  ^ 

lamination.  They  should  all  be  carefully  read  by  the  members  of  tie 
Committee,  and  those  applying  to  the  candidates  must  be  read  aloud  before 

'the  Committee  and  the  candidates  om  eaeli  nUflit  immediately  before  fke 
examination  begins. 


Directions  to  the  Committee. 

ir.B.~Th«  tolM  are  perfectly  datelte,  and  In  order  that  the  doUee  of  the  eooualttcc  merbe  m  Bitle 
onMxras  M  poMible,  It  U  not  left  to  any  one's  dlicretien  to  modify  tta*  relee  in  the  tmenrrt  4elriL 

1,  If  one  room  is  used,  three  of  the  Committee  must  be  present  dnriiifi; 
the  whole  of  the  examination,  if  more  than  one  room  then  two  of  the 
Committee  in  each  room,  who  must  carefully  watch  the  whole*  esami- 
nation  and  see  that  candidates  use  no  unfair  means  dther  hj  assisting 
one  another  or  using  books  or  notes.  The  members  of  the  Uominittee 
can,  if  they  wish  it,  reheve  one  another,  as  long  as  the  correct  number 
are  always  present.  No  persons  except  those  under  examination,  members 
cf  the  Committee,  and  officers  of  the  Science  and  Art  Department  are  per^ 
mitted  to  be  present  in  the  room  during  the  examination. 

NOTI.— When  there  are  not  more  than  three  candidates  it  trill  not  be  neceoByfor 
more  thaa  two  members  of  the  Committee  to  be  present  at  the  examinaHoiL 

2.  Places  must  be  allotted  to  the  candidates  so  that  they  may  Be 
seated  at  least  five  feet  apart,  from  centre  to  centre.  Ink  and  pern 
must  be  provided.  All  diagrams,  &c.,  having  reference  to'  tiie  saiycis 
of  the  examination,  must  be  removed  from  the  walls  of  the  examination 
room.  All  these  arrangements  for  the  accommodation  of  candidates 
should  be  completed  by  0.30  p.m. 

It  mi^  be  of  service  to  the  Committee  thai  the  teacher  ol4^ 
class  should  attend  before  the  examination  begins  to  assist  in  setting 
the  candidates  into  their  places ;  his  doing  so,  however,  is  at  the  dis- 
cretion of  the  Committee.  He  may  see  the  candidates  fill  up  the  fbnns 
on  the  outside  of  their  papers  and  arrange  them  in  classes  for  the 
elementary  and  the  ad\iinced  papers,  and  for  honours,  which  he  will 
explain  to  the  Committee  so  that  there  may  be  no  confusion.  Bat  he 
must  leave  the  room  before  the  eoeamination  papers  are  opened :  infimns- 
tion  of  his  having  remained  in,  or  retumea  to  the  room  after  this  will 
lead  to  the  examination  being  cancelled. 

KOXB.— Should  the  teacher  of  the  class  wish  to  be  examined,  he  must  apply  ipeeiiQr 
to  the  Committee,  so  that  they  may  arrange  to  have  a  table  for  nun  dose  to 
their  own  seats,  and  not  with  the  other  candidates. 

4.  The  blank  papers  supplied  by  the  Department  for  the  candidatefl  to 
write  their  answers  on  should  be  first  distributed,  and  the  Committee 
should  see  that  the  candidates  commence  by  filling  in  their  names, 
where  duected.    The  arrangement  of  the  candidates  and  distribution  of 
the  papers  should  be  completed  before  6.50  p.m. 

KOTB.— Should  no  candidate  present  himself  for  examination,  the  packet  of  exanios- 
tion  papers  must  be  returned  to  the  Department  by  the  next  post  umoptned, 

5.  At  10  p.m.  or,  as  much  sooner  as  all  the  candidates  have 
completed  theilr  papers,  the  worked  papers  must  be  sealed  up  in  the 
envdope  supplied  by  the  Department  for  that  purpose.  Before  th^  m 
thus  sealed  up  neither  the  teacher  nor  any  other  person,  not  being  a 
member  of  the  Committee^  must  be  allowed  to  enter  the  room. 
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As  80oii«ft  ihey  are  sealed  the  packet  of  papers  should  (if  possible)  be 
immediately  posted.  If  it  be  impossible  to  post  it  the  same  night  it 
shoold  be  placed  in  the  ehsrge  of  member  of  the  committee  and  posted 
tiie  first  thing  the  next  morning. 

6.  On  these  examinations  depend  large  grants  of  public  money.  On 
their  being  fairly,  honestly, .  and  impartially  eaiiied  out  depends  the 
continuance  of  the  system.  The  Committees  are  intrusted  with  this 
duty,  but  tkejf  haoe  no  authority  to  modify  ^^^"^  particular* 
They  will  see,  then,  how  necessary  it  is  to  be  extremely  careM  in  con* 
dueting  the  examinations,  and  to  insist  on  the  rules  being  complied 
with  to  the  letter*  They  are  therefon  required  to  fill  in  and  sign  the 
rriiHiffate  on  the  third  page  of  this  form,  and  to  forward  the  same  with 
each  set  of  worked  papers. 

The  worked  papers  of  the  candidates  are,  as  will  be  seen  from  Rule  12, 
below,  to  be  imtialed  by  members  of  the  Committee.  This  is  to  prevent 
personation.  And  the  Committee  will  see  how  essential  it  is  that  this 
duty  be  not  treated  as  a  mere  matter  of  form. 


Regulations  applying  to  the  Candidates. 

To  5e  read  to  the  Candidates  on  each  evening  before  the  Examination 
Questions  are  opened, 

7.  The  candidates  must  be  in  their  places  at  6.50  p.m.  After  this 
time  no  candidate  should  be  admitted  except  imder  very  exceptional 
circumstances,  and  by  express  permission  of  the  Committee,  and  then 
only  if  no  person  has  left  the  room  who  has  seen  the  examination  paper. 
No  eandifflkte  may  on  any  account  be  admitted'sfter  7.30  p.m. 

8.  The  examination  pilpers  must  be  opened  in  the  examination  room 
in  the  presence  of  the  Committee,  at  6.55  p.m.  No  examination  paper 
may  on  any  pretence  be  taken  ifrom  the  room  before  8  p.m. ;  nor  after 
that  hour  until  every  candidate  has  completed  and  given  up  his  worked 

^^T'caadidates  should  not  bring  anything  with  them  into  the  exami- 
nation room,*  except  pens  and  pencils.  No  blotting  paper,  scribbling 
paper,  slates,  or  anything  of  the  sort  that  might  be  passed  from  one 
candidiUe  to  another,  is  on  any  account  to  be  allowed.  Rough  work  and 
odculations  must  be  done  on  the  supplied  form.  The  back  of  each  leaf 
of  the  form,  t.^.,  pages  2,  4,  6,  and  8,  may  be  reserved  for  this  purpose, 
the  pen  being  dbrawn  through  to  show  that  they  are  not  for  the  examiner. 
But  nothing  must  be  torn  off  the  form.  All  books,  note-books,  &c.  must 
be  collected  by  the  Conunittee. 

10.  Candioates  must  not  on  any  pretence  whatever  speak  to  one 
another  after  the  papers  have  been  given  out.  If  a  candidate  should 
require  to  ask  a  question,  he  will  hold  up  his  hand,  when  a  member  of 
the  Committee  will  attend  to  him,  but  no  question  on  the  meaning  of 
anr  portion  of  the  examination  paper  must  be  asked  or  answered. 

il«  When  the  examination  papers  have  been  given  out  no  candidate 
may  be  allowed  to  return  after  having  once  left  the  room.t  On  a 
candidate  leaving  the  room  before  the  examination  is  oyer  his  worked 
paper  and  examination  questions  must  be  taken  up,  and  he  must  deliver 
nis  paper  of  questions  to  the  Committee,  though  he  ma;|^  have  them 
again  after  his  examination  is  over.    At  10  p.m.,  precisely,  all  the 


*  Bxoept  Ricb  M  bj  the  Time  Table  (Soienoe  Fonn,  No.  90)  are  required, 
t  It  will,  therefore,  be  desirable  to  make  some  arraDgements  for  the  candidates  to 
retire  within  the  tooid* 
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candidates'  papers  mast  be  collected.  It  will  therefore  be  advisable  to 
warn  them  ten  minutes  before  the  time.  No  candidate  should  on  any 
pretext  be  allowed  to  leave  the  room  before  8  o'clock.  After  that  hoar, 
when  a  candidate  has  completed  his  work  before  10  p.m.,  he  should  be 
directed  by  the  Committee  to  leave  the  room  after  his  worked  paper  has 
been  taken  by  a  member  of  the  Conunittee. 

12.  The  papers  should  be  initialed,  by  the  Committee  as  dhwcted,  as 
they  are  received  from  each  candidate,  as  a  guaiantee  that  each  has  been 
worked  by  him  whose  name,  &c.  it  bears.  Every  paper  on  whidi  a 
candidate  has  written  his  name,  or  which  bears  any  marks  of  his  woA, 
must  be  returned  in  the  sealed  packet  to  the  Department. 

13.  SkaM  a  candidate  break  any  of  the  foregoing  rulcM,  or  nse  mnfmr 
means  qf  any  description,  he  must  be  at  once  expelled  the  exawdnatum 
rooMt  and  his  paper  cancelled,  the  Committee  stating  on  it  the  cause  of  Us 
eaqmlsion, 

Cbbtificatb  by  thb  Committbb. 

To  be  filled  in  and  signed  by  the  Committee  and  forwarded  with  each  set  (f 
worked  papers. 

We,  the  undersigned  members  of  the  Committee  of  the  Sdenos 
School  or  Class  held  at 

 .  [---.SSiir-]  in  [-t'rlwonii 

hereby  certify  that    we   were    present    during  the  ezammation 

 ^[.SL] 

held  in  the   [fiSlJ]  on  the 

evening  of  the  _where  the  accompanying  pspcn 

were  worked  in  our  presence,  and  that  the  foregoing  rales  have  been 
atrictly  complied  with. 

Dated  this  day  of  _I8  . 


8igi]atiir68. 

TimePreMnt 

Hoiirof 

Hour  of 
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LIST  OF  APPARATUS  FOI  LABORATORY  PURPOSES. 

*Where  a  School  Laboratory  has  been  established^  aid  is  granted  towards 
the  expenses  incurred  by  students  in  a  course  of  Laboratory  Practice 
according  to  the  regulations  laid  down  in  §  LXIII.,  at  p.  26  of  the 
Science  Directory.  The  following  is  a  list  of  apparatus  with  which 
each  student  should  be  furnished : — 

Conical  brass  blowpipe  with  bone  mouthpiece  -  -20 

6  inches  platinum  wire  -         -         -         -         -   0  6 

Flntinum  foil,  2  inches  long,  and  1  inch  wide  -         -    1  0 

Test  tube  stand,  24  holes  2  0 

18  test  tubes,  6  in.  by  }  in.  19 

12  test  tubes,  5  in.  by  |  in.  •  -  -  -  -  0  10 
2  boiling  tubes,  8  in.  by  1 J  in.  -         -         -         -   0  5 

2  Test  tube  brushes  05 

Set  of  3  beakers  10 

German  flasks,  I  of  each,  2  oz.,  4  oz.,  8  oz.,  16  oz.,  and  30  oz.  19 
Berlin  porcelain  crucible  li  inch  diameter  -  -  -04 
Berlin  porcelain  evi^rating  basins,  one  of  each,  2}  in.  and  3} 

in.  diameter        -         -         -         >         -  -Oil 
Funnels,  one  of  each,  H  in.,  2  in.,  and  3  in.   -         -         -  0  6i 
English  filter  paper,  cut,  two  packets  of  100  filters  each  2}  in. 

and  4i  in  diameter         -         -         -         -         -  0  9i 
Iron  retort  stand  with  two  rings,  clamp,  and  square  iron  block   7  0 
Lron  wire  gauze,  5  inches  square,  2  pieces      -         -         -   0  4 
Tin  plate  sand  bath  5  inches  diameter  -         -         •>  0  4 

6  watch  glasses,  2  inches  diameter  -  -  -  -  0  6 
i  lb.  soft  glass  tubes  ^  to  i  in.  diameter  -  -  -  0  8 
I  lb.  combustion  tube  I  in.  bore        -        -         -        -  0  8 

1  lb.  glass  rod  ^  in.  diameter  -         -         -         -  0  4 

2  feet  black  caoutchouc  tube  I  in.  bore         -        -        -   I  4 

2  feet  black  caoutchouc  tube  ^  in.  bore  -  -  -08 
Thistle  funnel,  18  inches  long  -         -         »         -         -   0  4 

3  dozen  assorted  corks  -  •  •  -  -  1  4 
WoulTa  bottle,  2  necks,  pint  size  -  -  -  -  1  3 
Stoppered  German  glass  retort,  2  oz.-  -  -  •  0  7 
Set  three  cork-borers,  i,  and  }  in.  with  iron  rod  -  1  0 
Triangular  ffle  and  handle  -  -  -  -  -  0  8 
5  inch  round  file  and  handle  -  •  •  -  ^  -  0  9 
Bunaen's  gas  burner,  with  blowpipe  jet,  star  support,  chimney, 

and  rose  burner  -  •  -  •  »  -36 
Iron  crucible  tongs     -         -         -         -         •  -10 

4  inch  porcelain  mortar  -  -  -  -  -  1  0 
Box  of  test  papers,  blue  and  red  litmus         -        -         -  0  6 


Digitized  by  GoOglC 


46     LIST  OF  APPARATUS  FOB  ULBOHATOKT  PBACTICE. 


s.  d. 

Solutiou  of  Cobaltous  nitrate  i  oz.  stoppered  bottle   -         -  0  7 

„  Argentic  „  i  oz.  „  -  -  0  6 
„        Platinic  chloride  ioz.-         -         -  -19 

1  pint  metbrlated  alcohol  in  bottle     -         -         -         -  1  6 

Glass  spirit  lamp,  4  oz.  capacity        -         -         -         -  0  9 

Deal  box  to  contain  the  set  of  apparatus       -         -         -  2  0 

£2  6  1 


The  set  complete  can  be  obtained  in  a  box  for  21,  from  Messrs.  J.  J* 
Griffin  &  Son,  Garrick  Street,  London,  W.C. ;  or  Messrs.  Jackson  and 
Townson,  89,  Bishopsgate  Street  Within,  London,  E.C. ;  but  aduocAs 
are  not  required  to  purchase  the  apparatus  at  these  manufacturers. 

NoTB. — ^The  above  set  of  apparatus  may  be  used  hj  two  pomli 
making  the  same  experiments  conjointly,  but  this  is  not  reoommeiulM. 
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FOBM  No.  694. 


Summary  of  liie  Law  lelatiiig  (L)  to  the  Establishmknt  and 
-    Ma INTBNANCB  of  Public  Libraries,  Musbumb,  and  Schools 
of  SciBNCB  and  Art,  and  (IL)  to  the  Acquisition  of  Sites  for 
such  Institutions. 


NJS.-^-TTds  summary  has  been  prepared  for  the  w^nml  iBfnmiatloii 
ttiiljr  qf  rtersoms  dnvring  to  establish  Museums  and  Science  and  Art 
Schools,  Out  it  must  be  clearly  understood  that  the  Department  does  not 
held  itself  responsible  for  its  legal  accuracy,  and  the  promoters  of  such 
institutions  are  recommended  not  to  tahe  any  definite  proceedinys  under  the 
Acts  without  availing  themselves  ofprofessioncd  advice. 


I. 

1.  Any  town,  parish,  district,  or  union  of  parishes,  is  empowered  by 
Act  of  Parliament  (the  Act  for  England  is  the  18  and  19  Vict.  c.  70, 
Public  Libraries  Act,  1855 ;  amended  by  the  29  and  30  Vict.  c.  114.  As 
regards  Scotland  and  Lreland,  see  10  and  11  below),  to  levy  a  rate  not 
exceeding  one  penny  in  the  pound  for  the  establishment  and  main- 
tenance of  buildings,  with  the  requisite  appliajices,  suitable  for  Public 
Libraries  and  Museums,  or  for  Schools  of  Science  or  Art,  or  for  any  or 
all  of  these  purposes,  provided  that  a  majority  of  more  thui  one-half  of 
the  ratepayers  present  at  a  public  meeting,  duly  convened,  vote  in  fiivour 
of  adopting  the  provisions  of  the  Act. 

2.  The  preliminary  steps  to  be  taken  with  a  view  to  the  adoption  of 
the  Act  are  these : — 

(a,)  In  Municioal  Boroughs  the  Act  requires  that  the  mayor  shall  con- 
vene a  puolic  meeting  on  the  request  of  the  town  council,  or  on 
the  request  in  writing  of  any  ten  resident  ratepayers ; 

{b,)  In  Districts  within  the  limits  of  any  Improvement  Act,  the  district 
board  is  to  convene  a  meeting  upon  the  requisition  in  writing  of 
at  least  ten  resident  ratepayers ;  and 

(c.)  In  Parishes,  the  overseers  of  the  poor,  on  the  written  requisition 
of  ten  resident  ratepayers,  are  to  convene  a  meeting  to  determine 
whether  the  Act  shall  be  adopted. 

3.  In  eadi  case  it  is  necessarv  that  ten  dear  days'  notice  of  the  time, 
place,  and  object  of  the  meeting  oe  given  by  affixing  the  same  on  or  near 
the  door  of  every  church  and  chapel,  and  at  least  seven  days'  notice  by 
advertisement  in  a  newspaper  published  or  circulating  in  the  borough, 
district,  or  parish,  as  the  case  may  be, . 

4.  Any  expenses  incurred  in  connexion  with  the  meeting,  whether  the 
Act  be  adopted  or  not,  are  chargeable  upon  the  borough  ^nd  or  rates, 
and  may  be  defrayed,  if  necessary,  by  a  separate  rate  speciallv  levied  for 
the  purpose,  such  rate  not  to  exceed  one  penny  in  the  pound. 

5.  If  any  meeting  duly  convened  to  determme  as  to  the  adoption  of 
the  Act  decides  against  it,  no  meeting  for  a  similar  purpose  can  be  held 
until  the  expiration  of  at  least  a  year  from  the  time  of  holding  the 
previous  meeting. 

6.  If  the  Act  be  adopted  the  organisation  for  carrying  its  provisions 
into  operation  is  as  foUows : — 

(a.)  In  Boroughs,    "The  management,  regulation,  and  control  of 
libraries  and  museums,  schools  for  Science  and  Art,  shall  be 
"  vested  in  and  exercised  by  the  council,"  or  by  such  committee 
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as  the  council  may  appoint,  and  the  members  of  the  committee  ne 

not  required  to  be  members  of  the  council. 
(6.)  In  Districts.   The  board  or  trustees  acting  in  the  exeeutioa  of 

the  Improvement  Act,  or  a  committee  appointed  by  them. 
{€,)  In  Parishes,   Not  less  than  three  nor  more  than  nine  oornmis- 

eioners  to  be  appointed  by  the  vestry,  are  constitttted  a  body  eor- 

porate  for  the  purposes  of  the  Act,  under  the  name  of  '"Hie 

"  Commissioners  for  Public  Libraries  and  Museums  for  thePsmh 

"  of  —  in  the  Couniy  of  

7.  The  council,  board,  or  commissioners  are  empowered  to  borwir 
money  at  interest,  on  the  security  of  a  mortgage  or  bond  of  the  borough 
funds,  or  of  the  rate  levied  under  the  Act ;  and  the  provisions  of  t^e 
Companies  Clauses,  and  Lands  Clauses  Consolidation  Acts,  1845,  sie 
incorporated  with  the  Public  Libraries  Act. 

8.  Where  two  or  more  neighbouring  parishes  combine  for  the  puN 
poses  of  the  Act,  each  parish  is  to  appoint  not  more  than  three  oommis- 
aioTiers,  and  the  commissioners  for  the  several  parishes  are  to  fomi  one 
body  corporate,  and  to  act  together  in  the  execution  of  the  Act.  The 
expenses  of  carrying  the  Act  into  operation  are  to  be  borne  by  the 
parishes  in  such  proportions  as  they  may  mutually  approve. 

9.  It  is  important  to  observe  that  where  a  public  museum  or  libniy 
has  been  already  established  under  anv  Act  relating  to  public  hbniies 
or  museums,  a  similar  institution,  such  as  a  School  of  Science  or  Art, 
may  be  established  in  connexion  therewith  without  any  farther  pro- 
ceeaings  being  taken  under  the  Act. 

10.  The  foUowing  are  the  general  Acts  of  Parliament  relating  to  the 
establishment  and  maintenance  of  public  libraries,  museums  and  Sdioob 
of  Science  or  Art.  Those  printed  in  italics  have  been  superseded  hf 
the  others : — 

Stets.  8  and  9  Vict.  c.  43;  13  and  14  Ftc/.  c.  65;  16  and\7  Viet, 
c.  101 ;  17  and  18  Vict.  r.  64 ;  17  and  18  Ftc^.  c.  103;  18  and 
19  Vict.  c.  40  (Public  Libraries  Act,  Ireland,  1855);  18  and  19 
Vict.  c.  70  (Public  Libraries  Act,  1855);  29  and  30  Vict.  c.  114 
(Public  Libraries  Amendment  Act,  England  and  Scotland,  1865), 
repealed  so  far  as  it  relates  to  Scotland  by  the  30  and  31  Vict, 
c.  b7  (Public  Libraries  Act,  Scotland,  1867). 

11.  The  provisions  relatinf^  to  the  establishment  and  maintenanoe  of 
libraries  and  museums,  &c.  m  Scotland  and  Ireland  are  substantislly 
the  same  as  the  provisions  of  the  Act  for  England,  but  there  are  sonw 
4)iiferences  in  matters  of  detail,  for  which  it  will  be  advisable  to  refer 
to  the  Acts  themselves,  namely,  for  Scotland,  Stat.  30  and  31  Vict 
c.  37,  and  for  Ireland,  Stat.  18  and  19  Vict.  c.  40. 

IL 

12.  By  17  and  18  Vict.  c.  112  (intitul^  "The  Literary  and  Sdentiflc 
Institutions  Act ") — after  reciting  the  expediency  of  affording  gmter 

ladlities  for  obtaining  and  settling  sites  and  buildings  in  trust  for 
institutions  established  for  the  promotion  of  literature,  science  or  art, 
or  for  the  diffusion  of  useful  knowledge ;  it  is  provided  that  such  pc^ 
sons  and  corporations,  as  are  described  in  the  4  and  5  Viet.  c.  38,*  nnf 


•  "HieM  are,  (1)  any  persoti  beinc  aeiaed  legally  or  equitably  In  fte  ihopK  fee  tail  or 
for  life,  in  any  manon  or  lands  of  lyeebold.  copyhold,  or  ciwtomaiy  tenure^  and  hsHflg 
we  beneficial  interest  therein,  in  possesaion  for  the  time  being ;  and  (8)  any  oorpon* 
iloo,eoclesjastieal  or  lay,  sole  or  aggregate,  in  whom  land  may  be,  in  any  maaaer. 
▼cated.--«abject  to  the  proviso  that  no  ecclesiastical  corporation  sole  beloirtlie  dicntty 
of  a  bnhop  may  make  such  grant  without  the  consent  in  writing  of  the  bishop  oTthe 
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gnn^  ooDTey,  or  enfiranchise,  either  by  gift,  sale,  or  exchange,  in  fee 
simple,  or  for  a  term  of  years,  any  (quantity,  not  exceeding  one  acre  of 
tiieir  land,  for  each  separate  institution,  as  a  site  for  such  institution. 

Id.  These  powers  are  subject  to  provisos  that  they  shall  not  be  exer- 
cised by  tenants  for  life  unless  the  person  or  persons  next  in  remainder 
join  in  the  grant ;  that  in  case  of  gratuitous  conveyance  of  waste  or 
commonable  land  by  any  lord  of  a  manor,  the  rights  of  all  commoners 
and  others  having  interest  shaU  be  barred ;  and  that  upon  any  land  so 
gnnted  by  way  of  gift  ceasing  to  be  used  for  the  purposes  of  the  insti- 
tution, it  shall  revert  to  the  estate  out  of  which  it  was  granted,  except 
only  that  when  the  institution  is  removed  to  another  site,  the  Is^d  may 
be  exchanged  or  sold  for  the  benefit  of  the  institution.  The  same  Act, 
of  17  and  18  Vict.  c.  112,  contains  numerous  provisions  relating  to  the 
persons  by  and  to  whom,  and  the  maimer  in  which,  conveyances  may 
be  made;  the  form  of  such  conveyances;  the  subsequent  sale  or  ex« 
change  of  the  land ;  the  liability  of  trustees  to  whom  limd  is  convejred  in 
trust;  the  ownership  of  any  personal  property  belonging  to  the  insti- 
tution; the  power  to  make  bydaws;  and  the  manner  in  which  the 
mstitution  may  afterwards  extend  or  abridge  the  purposes  for  which  it  was 
established,  or  may  e£Bect  its  own  dissolution  or  tlie  adjustment  of  its 
affairs. 

14.  The  Act  applies  to  every  institution,  for  the  time  being,  esta- 
blished for  the  promotion  of  science,  literature,  the  fine  srts,  for  adult 
instruction,  and  for  the  diffusion  of  useful  knowledge.  It  also  applies 
to  the  foundation  and  maintenance  of  libraries  or  reading  rooms  for 
general  use  among  the  members  or  open  to  the  public,  of  public 
museums  and  galleries  of  paintings  and  other  works  of  art,  collections 
of  natural  history,  mechanical  and  philosophical  inventions,  instruments, 
or  designs. 

15.  The  conveyance  of  sites  to  trustees,  or  others  associated  together 
for  educational  purposes,  has  been  still  further  facilitated  by  recent 
legislation.  It  is  no  longer  necessary  to  acknowledge  any  deed  in  order 
that  it  may  be  enrolled  in  the  Court  of  Chancery  (Act  31  and  32  Vict, 
c.  44.  s.  3),  U  the  grantor  be  a  corporation,  or  if  the  conveyance  be 
really  and  bon&  fide  made  for  a  full  and  valuable  consideration,  enrol- 
ment is  no  longer  compulsary,  although  it  is  still  permitted ;  but  in  all 
cases  of  voluntarv  grants  by  individuals,  the  deed  must  still,  in  con- 
formity with  the  Mortmain  Acts  (9  George  II.  c.  36,  9  George  IV.  c.  85), 
be  enrolled  within  six  calendar  months  firom  the  date  of  its  execution 
(31  and  32  Vict.  c.  44.  s.  2). 
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milATIMt  Um  WMICN  IIILOmt  tlAITS  TO  SIIIOLS  OF  SOIEICE 

All  MADE. 

i.  A  grant  in  aid  of  a  new  building^  suitable  for  a  School  of  Science, 
or  for  the  adaptation  of  an  existing  bmlding,  will  be  made  provided  that 
the  school  be  Wilt — 

a.  Under  the  PubHc  Libraries  Act  (13  &  14  Vict.  c.  65.,  18  &  19 

Vict.  c.  70.,  29  &  30  Vict.  c.  1 14.),  or,  -  i  r 

b.  In  connexion  with  a  School  of  Art  aided  by  a  Department 

l)uilding  grant ;  and  subject  to  the  conditions  herein-after  set 
forth. 
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2.  All  applications  for  grants  out  of  the  parliamentary  rote  for  ttj 
year  must  m  sent  in  on  or  before  the  15th  day  of  November  in  the  year 
preceding. 

'  3.  Nogrant  will  be  made  unless  their  Lordships  aie  satisfied  tkat,— 

a.  T^ere  is  a  population  in  the  neighbourhood  which  reqninit 

School  of  Science. 

b.  The  school  is  likely  to  be  maintained  in  efficiency. 

4.  No  grant  will  exceed  2s.  6d,  per  square  foot  of  internal  srea»  ud 
no  grant  will  exceed  500/. 

6.  The  site,  plans,  estimates,  spedflcations^  title  and  trust  deed,  inut 
be  satisfactory  to  the  Lords  of  the  Committee  of  Council  on  Eduotioii. 

6.  A  plan  of  the  site  must  be  forwarded  drawn  to  a  scale  of  ooe-ei^ 
of  an  inch  to  a  foot^  and  showing  the  boundaries,  approaches,  and 
abuttals. 

7.  The  site  must  be — 

a.  In  a  situation  not  unhealthy  or  noisy. 

h.  Witlun  convenient  distance  of  the  homes  of  the  stndenti. 

c.  If  possible  freehold  in  tenure,  without  inoumbvance  of  ligbii 

reserved  over  the  surface,  or  reservation  of  minerals.* 

8.  The  size  and  number  of  rooms  will  depend  on  local  circumstttoei 
and  the  different  sciences  to  be  taught  in  the  school.  The  plsni  ud 
sections  must  be  submitted  with  the  application  for  the  grant,  snd  the 
proposed  buildings  must  be  in  accordance  with  the  regulation  then  in 
force  as  to  size  and  distribution  of  rooms,  ventilation,  and  subsiaatisl 
construction. 

9.  In  cases  where  they  may  think  it  necessary,  their  Loidshipi  will 
send  an  officer  of  the  Depsrtment  to  inspect  and  report  on  the  suitabiliif 
of  the  building  and  site  for  the  purposes  of  a  School  of  Science. 

10.  The  plans,  specifications,  and  estimates  when  approved  and 
sealed  may  be  returned  to  the  promoters  for  use,  but  must  oe  lodged  in 
the  Science  and  Art  Department. 

11.  A  trust  deed  must  be  prepared  providing — 

a.  That  the  building  be  used  t  as  "  a  school  for  the  insiraetian  of 

"  children  and  adults  in  Hbe  pure  and  natural  sdencee  appli* 
cable  to  industry  and  manufiictures." 

b.  That  it  shall  be  open  at  all  times  to  the  inspection  of  theoffifloi 

of  the  Science  and  Art  Department. 

c.  That  the  students  shall  be  instructed  by  teachers  qualified  to 

earn  payments  on  the  result  of  their  teacfainff . 

d.  For  the  constitution  of  a  body  of  responsible  trustees  sad  i 

committee  of  management. 

12.  This  trust  deed  must  not  be  executed  until  it  has  been  approred 
in  draft  by  the  Lords  of  the  Committee  of  Council  on  Education. 

13.  When  the  trust  deed  has  been  executed,  and  if  neceesair  en- 
rolled, a  copy  of  it,  including  all  signatures,  attestations,  and  endone- 
ments,  must  be  made  on  plain  unstamped  paper,  and  lodged  in  the 
Science  and  Art  Department. 

14.  The  grant  is  made  on  presentation  of  a  certificate  (with  Mtf^B 
sheet  annexed)  by  the  buildmg  committee  of  the  school,  setting 
that  the  building  and  conveyance  are  duly  completed,  and  that 
money  in  hand  will,  when  added  to  the  grant,  meet  all  claims  and  finv? 
close  the  account. 


•  A  leaaehold  lite  U  not  accepted  hy  their  LorcUhips  when  a  ftvehold  tit»(^^ 
obtained.  . . 

f  If  anj  power  of  nie,  or  of  appropriating  the  prbmises  to  other  uaes  than  tlKM0  ' 
■chool  of  B^enoe  be  reserved,  ine  deed  muat  contain  a  condition  secnrins  tin  M*^' 
laont  of  the  grant  to  the  Lords  of  Her  Majes^s  Treasnry. 
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APPENDIX  B. 


Syllabus  of  the  Subjects  in  which  Examinations  in 
Science  are  held  by  the  Depabtment  of  Science  and 
Abt, 
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SYLLABUS  OF  THE  SCIENCE  SUBJECTS. 


The  following  Syllabus  has  been  prepared  in  order  to 
afford  candidates  some  guide  to  their  reading ;  but  it  most 
be  understood  that  the  questions  in  the  examination  need 
not  necessarily  be  on  the  specific  points  enumerated. 

The  examination  is  by  paper,  but  oral  examination  may 
be  resorted  to.  The  examination  in  each  subject  is  distinct 
Mention  is  made  of  texi-books  solely  to  afford  a  candidate 
some  assistance  in  selection,  and  a  general  idea  of  the  scope 
of  the  examination,  and  not  at  all  to  confine  his  reading 
to  those  works,  or  to  assert  that  they  are  the  best  on  Ae 
subjects  they  treat  of. 
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NoTB. — ^The  ''Art"  examinations,  in  practical  f^eometty  of  the  2nd 
gxade»  and  in  penpectiyey  are  held  on  the  lame  evening  as  the  **  Science 
examination  in  Subject  I.  The  papers  in  practical  planeffeometrr  will 
be  of  the  same  character  as  they  hare  been  hitherto,  llie  eandidato 
shoold  therefore  be  prepared— 

(1.)  To  constract  from  sufiSdent  data  any  triangles,  parallelograms, 
polygons,  circles,  or  ellipses  required. 

(2.)  To  plaoe  these  fij^ures  in  combination  with  one  another. 

(3.)  To  diyides  lines  m  given  proportions. 

(4.)  To  construct  figures  similar  and  proportional  to  given  figures. 
(5.)  To  reduce  polygons  to  triangles  of  equal  area  and  vice  vers&. 

The  examination  is  based  on  Burchett's  Practical  Geometry. 
Thia  course  may  therefore  be  looked  upon  as  a  preliminary  to  Sub* 
jeet  I. 

In  the  Art  examination  in  perspective  of  the  2nd  grade,  candidates 
will  be  required  to  put  into  perspective  simple  solids,  or  combinations 
of  them,  on  a  horizontal  plane,  or  to  ascertain  the  dimension  of  suc^ 
solida  from  given  perspective  representations. 

No  problems  wUl  be  proposed  iHiich  cannot  be  solved  by  means  of 
vaniahing  and  measuring  points  on  the  horizontal  line,  dwer  with  or 
without  the  construction  of  a  plan. 

Burchett's  Practical  Perspective  and  Jewett's  Perspective  axe  recom* 
mended  tot  study. 

Malton's  Brook  Taylor's  Perspective  csnies  the  subject  further. 


SUBJECT  I.-PRACTICAL  PLANE  AND  SOLID  QEOME  TRY. 


Evoy  one  employed  in  any  constructive  ajt  must  acquire  the  power  of 
repreaenting  on  paper  the  forms  and  x^roportions  of  the  work  to  Be 
ezeeated,  tniefcher  it  be  of  madiiner}^,  or  ii  civil  or  naval  architecture ;  and 
others,  not  immediately  interested  in  construction  require,  in  surveying* 
navigation,  &c.  a  knowledge  of  practical  as  well  as  theoretical  geometry 
of  a  more  than  elementary  order. 

Since  it  is  essential  to  thdr  utility  that  geometrical  drawings  should  be 
accurate,  the  draughtsman  must  by  practice  and  instruction  be  suffi* 
dently  skilfnl  in  the  use  of  his  instruments  and  materidbs  to  ensure 
nes&nesa  as  well  as  precision  of  execution :  without  these  qualifications 
it  is  assumed  that  no  one  will  present  himself  for  examination  in  this 
sdbgect* 

But  although  prepared  to  this  extent,  the  subject  may  be  new  to 
many,  espedaUy  to  those  not  acquainted  with  the  application  of  arithmetic 
and  algeora  to  geometiy ;  it  may  therefore  be  necessary  to  aoprise  candi- 
dates, not  only  of  what  kind  of  knowledge  will  be  expectea,  but  of  the 
form  in  wluch  the  examination  papers  will  be  drawn  up. 

Each  iM^er  will  contain  questions  in  both  plane  and  solid  geometry, 
about  12  in  number,  of  which  the  candidate  may  select  any  number  not 
exoeedmg  e^ht,  but  to  obtain  a  class  in  dtber  course,  a  large  preportion 
of  the  questions  answered  must  be  from  the  solid  geometry. 

The  candidate  must  also  understand  that  he  must  strictiy  comply  with 
the  conditions  of  each  question,  and  not  imagine  that  by  subsUtating 
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others,  pfrovided  they  are  analogous,  he  may  obtain  credit  for  hie  answer; 
sbict  impartiality  would  be  violated  by  any  suoh  latitude.  He  should 
also  be  most  careliil  in  attending  to  tiie  instnietions  issued  to  hi^ 
with  the  examination  questions. 

In  neither  stage  must  the  student  expect  all  tiie  examination  questiou 
to  be  in  the  yerr  words  of  the  syllabus.  He  must  raitber  look  forward 
to  haring  psoblems  placed  before  him,  the  solution  of  whieh  depends 
upon  his  intimate  Imowledge  of  the  classes  of  problem  outtined  bobw. 


First  Stage  or  Elbmbntary  Coursb. 
Plane  Oeametfy, 

1.  Exercises  in  neatness  and  accuracy  not  requiring  any  advaneed 

knowledge  of  geometnr*  e.g,y  the  Mmstruction  of  an  irregolar 
poly^n  when  the  lengtn  of  its  sides  and  magnitude  of  its 
axe  given,  &c.: — 

2.  The  construction  of  plain  scales. 

3.  Problems  where  straii^ht  lines  only  are  oonocmed. 

a.  To  draw  a  straight  line  perpendicular  to  a  given  straight  fine, 

through  a  given  point,  the  latter  being  either  intfam  or 
without  the  given  hue. 

b.  To  divide  a  line  so  that  the  segments  may  have  a  given  nlio. . 
.c.  To  find  a  mean  proportional  or  a  third  proportional  to  two 

straight  lines. 

4.  To  construct  a  regular  poljrgon  of  n  sides  upon  a  ^ven  base. 

5.  To  reduce  a  polygon  of  n  sides  to  an  equivalent  triangle. 

6.  To  draw  circles  to  touch  ffiven  lines  or  circles,  or  more  {^erally,  to 

work  problems  where  the  straight  line  and  circle  are  involvcci  io 
various  combinations. 


^  8oHd  Qwmetry. 

A  general  knowledffe  of  the  pinciples  of  Projection,  and  of  the  mean* 
ings  of  those  terms  which  are  m  constant  use>  such  as  Plan,  Elevstioa, 
Section,  Trace,  ftc. 

Application  of  those  principles,  and  illustration  of  the  tenns  in  the 
case  of  a  simple  solid  resting  on  the  h<Hi2ontel  plane. 
.  GeneraUy : — ^The  elements  of  descriptive  geometry  carried  so  far  as  to 
enable  the  student  to.  represent  a  solid  by  its  plan  and  elevation ! 

a.  When  the  inclination  of  one  of  the  plsmes  of  that  solid  is  pim* 
and  also  that  of  some  line  connected  with  the  sdid  and  lyii^  in 
that  plane. 

h.  When  the  inclinations  of  two  lines  connected  with  the  solid  are 
given. 


Sbcond  Stags  or  Advakcbd  Coursb. 


Tlane  Gemetry, 

1.  The  division  of  finite  lines,  or  those  lines  produced  under  any  of  the 
conditions  stated  in  the  previous  course,  w  under  those  of  a 
comimhenBive  character,  such  as  harmonically,  &o. 
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iSL  To  detanmae  hj  oonBtruelion  Itnet  which  Bhall  be  equfaknt  to 
magnitudee  given  by  algebimical  ezpreMion8>  such  aa— 

a,  v^m,   ^ ~,  ^1 }  (m  and  n  hong  nmmber$.) 

H     ~  III 

c  A 

3.  The  construction  of  polygons  from  adequate  conditiona  of  aidaa, 

angles,  area,  or  perimeter. 

4.  The  diyision  of  polygons  into  m  areas  by  parallel  lines,  or  by  lines 

drawn  through  a  given  point. 

5.  To  draw  circles  to  touch  given  lines  and  circles  and  to  pass  through 

two  given  points. 

6b  The  construction  of  those  plane  curves  which  are  required  in  practical 
arts  (ellipse,  parabola,  cycloid,  spirals,  Stc,  &c.) 

7.  The  construction  of  "  scales "  to  drawings,  to  different  units  of 
measure,  English  and  foreign,  both  plain  and  diagonal. 


Solid  Gtomeitym 

a,  A  more  searching  examination  in  the  principles  and  elementaiy 

problems  of  descriptive  geometry. 

b.  Representation  of  a  solid  by  its  plan  and  elevation  when, — 

1.  A  plane  connected  with  the  solid  is  given,  and  a  line  lying 

in  that  plane. 

2.  Two  lines  connected  with  the  solid  are  given. 

3.  Two  planes  do.  do. 

4.  The  height  of  three  points  of  the  solid  are  given. 

e.  Problems  on  the  sphere,  cone,  and  cylinder, — 

1.  Representation  of  those  solids  in  given  positions  and  in 

contact. 

2.  The  determination  of  planes  tangential  to  them. 

3.  The  determination  of  their  se^ons  by  planes  under  given 

conditions. 

4.  The  intersection  of  their  surfaces  when  variously  combined,  or 

penetration." 

d.  The  determination  of  the  shadows  of  solid  bodies  bounded  either 
by  plane  or  curved  surfaces,  as  cast  by  either  parallel  or  converging 
rays  of  light. 

«.  Isometrical  projection. 


Examination  for  Honouiui* 
Plane  Oeometry. 

Gandidaies  for  honours  will  be  required  to  make  constructions  re- 
lating to  the  contact  of  lines  and  circles  with  each  other,  and  with  other 
carves,  requiring  more  knowledge  of  geometry  and  the  power  of  making 
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deductions,  than  is  expected  of  other  candidates ;  but  the  questioiii  oo 
these  and  other  subjects  will  be  of  a  practical  utility  in  geometiicai 
drawing.  They  must  possess  some  knowledge  of  analytical  geomeb^, 
so  as  to  be  able  to  construct  lines  or  cxrdes  given  by  algebnicsl  ex- 
pressions refeiring  to  co-ordinate  geometry  of  two  dimensioas,  such  aa 

*  +  I  =  1 ;  XMinA+ycMA-p  =  Oj  (y- =  f*,&c.,&c 

They  should  also  possess  a  sound  knowledge  of  the  properties  of  the 
conic  sections,  and  of  those  other  curves  which  admit  of  practical 
application,  such  as  the  epicycloid,  evolute,  &c. 


Solid  Oeometry. 

Problems  will  be  given  both  in  orthographic  and  radial  (or  pe^ 
spective)  projection.  Amongst  other  subjects  in  the  former  of  these 
must  be  studied  that  branch  known  as  isometric  projection,  the  solution 
of  the  cases  of  the  spherical  triangle  by  construction,  the  development 
of  suifiaces,  and  the  intersection  of  curved  surfaces.  In  the  radial 
projection  the  student  must  show  that  he  is  acquainted  with  the 
geometrical  principles  of  that  method,  and  not  mmly  be  capable  of 
*'  putting  into  perspective  "  a  given  solid. 

• 

The  following  books  are  recommended  for  study  in  Subject  I. 


For  Theoretical  Geometry, 

Any  of  the  numerous  editions  of  Euclid's  Elements,  such  as,— 

Enelid*M  Elemente  of  Geometry  (School  Edition),  by  R.  Potts,  12ma, 
4s.  6d,  (London,  Longman,  1868.) 

Geometry,  Plane,  Solid,  and  Spherical  (Library  of  Useful  Knowledge). 

(Baldwin.  1830.) 


For  Analytical  Geometry i 

Treatise  on  Plane  Co-ordinate  Geometry  as  applied  to  the  StrmylUlAnt 
and  the  Conic  Sections,  by  L  Todhuntcr,  8vo.,  7s.  6d. 

(London,  Macmillan,  4th  ed.,  1867.) 
A  Treatise  on  Conic  Sections,  by  6.  Salmon,  8vo.,  12f. 

(London,  Longman,  4th  ed.,  1863.) 
Dreatise  on  the  Analytical  Geometry  of  JT^ee  Dimendons,  by  J.  Hjnm 
8vo.,  10s.  6d,  (Cambridge,  Deighton,  3rd  ed.) 

A  TVeatise  on  Algebraical  Geometry,  by  W.  Waud  (Library  of  UseW 
Knowledge).  (Baldwin,  1835.) 


For  Practical  Geometry. 

Practical  Geometry,  by  Thos.  Tate  (Gleig's  series),  ISmo.,  Is. 

(London,  Longman,  1868.) 
Elements  of  Geometrical  Drawing,  by  Thos.  Bradley,  in  two  parts, 
oblong  folio,  each  16s.  (London,  Chapman  &  Hall,  1862) 
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BlemetUs  of  Dnenptk>e  Owmetty,  by  J.  Woolley,  text  8vo.,  plates 
4to.,  20ff.  (London,  Parker,  1850.) 

Elementary  Oeometrieal  Drawing,  hj  S.  H.  Winter,  in  two  Svo.  parts, 
3s.  6d,  and  65.  6e^.  (London,  Longman,  186L) 

Elementary  Dreatise  on  Descriptive  Geometry,  by  J.  F.  Heather 
(Weale's  scries),  12mo.,  2*.  (London,  Weale,  1851.) 

First  Lines  in  Geometrical  Drawing,  by  J.  F.  H.  De  Rheims,  8vo„  9s. 

(London,  Williams  &  Norgate,  1865.) 
HaWs  Descriptive  Geometry.  (John  Parker,  West  Strand.) 

Practical  Geometry,  by  R.  Burchett. 

(London,  Chapman  and  Hall,  1859.) 
(For  Plane  Geometry  onlv.) 
The  following  are  most  valaable  as  works  of  reference  on  the  subject 
of  Descriptive  Geometij,  but,  with  the  exception  of  the  third,  are  too 
dxflPiue  and  comprehensive  to  be  used  as  tesct-books  by  the  generality  of 
stadents : — 

Droits  de  G4om^trie  Descriptive,  par  J.  Adh^mar  (with  Atlas),  8vo. 

2Q».  (P^,  4th  ed.) 

Essais  de  G^om^rie  sur  les  Plans  et  les  Surfaces  Courbes,  par  S.  F. 

Lacroix.  (Paris«  7th  ed.) 

Traits  de  Giom£trie  Descriptive,  par  LefS^vre  de  Fourcy,  2  vols.,  8vo. 

(Paris,  1864.) 

TMii de  Giom^rie  Descriptive,  par  La  Vallfe  (with  Atlas),  4to.,  15«. 

(Paris,  2nd  ed.,  1825.) 

Traiti  de  St&^tomie,  SfC,  par  C.  F.  A.  Leroy,  annot^e  par  £.  Mar- 
tdet,  4to.  (with  Atlas  in  folio).  (Paris,  1866.) 

Notes  et  Croquis  de  Giomitrie  Descriptive,  par  Bardin,  folio,  IO5. 

(Paris,  2nd  ed.,  183/.) 


Appendix  to  Syllabus  of  Subject  L 

The  following  brief  oatline  of  an  elementaiy  course  of  deBcriptive  geometry 
is  xeoommended  to  the  attention  of  stadents,  especially  those  who  depend 
a  good  deal  upon  their  own  private  study,  and  are  consequently  uncertain  as 
to  what  particular  points  their  chief  attention  should  be  devoted  to. 

1.  The  representation  (by  its  plan  and  elevation)  of  a  point  in  space  in  all 
the  combinations  of  position  of  which  it  is  capable  (&.«.,  whether  above 
or  below  the  horiiontsl  plane,  before  or  behind  the  vertical  plane). 

S.  Having  given  the  plan  and  elevation  of  a  Ime,  with  its  extremities 
'situated  in  given  positions  with  regard  to  the  co-ordinate  planes  to 
determine:^ 
W  It»«  traces.* 

2".  Its  true  length,  and  its  inclination  to  each  plane  of  projection. 
Deduction, — ^To  draw  the  plan  and  elevation  of  a  line  of  given 
.  length  when  inclined  at  a°  to  the  horisontal,  b*^  to  the  vertical  plane. 

3«  Having  given  the  "  traces  "  of  a  plane  in  any  position  or  direction  with 
regard  to  the  "ground  line"  to  determine  the  inelination  of  that 
plane  to  each  plime  of  projection,  and  also  the  real  angle  contained 
by  those  traces. 

Note. — ^In  all  cases  where  traces  of  a  plane  are  concerned,  the 
student  will  find  lus  comprehension  greatly  assisted  by  the  aid  of  a 
paper  diagram  or  model,  thus  :--If  he  draws  a  ground  line  on  a  piece 
of  paper,  and  the  two  traces  of  a  plane  meeting  at  some  point  on  that 
line,  and  then  folds  the  paper  at  the  ground  line,  so  that  the  one 
portion  is  at  right  angles  to  the  other  (&ereby  representing  the  co-or- 
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dinat6  planes),  he  will  then  Teiy  readily  see  how  those  two  tfMes 
determine  the  position  of  a  plane,  and  will  see  more  clearly  the  resKMi 
for  drawing  the  Tarioos  lines  necessary  to  solve  the  problems  on  plaaes 
given  above. 

The  deduction  "  from  the  above  problem,  namely,  to  draw  a  plsne 
that  shall  make  given  angles  with  the  planes  of  projection,  had  better 
not  be  attempted  yet  by  the  beginner. 

4.  To  place  in  a  given  plane  a  line,  indefinite  or  otherwise,  having  a 

proposed  inclination. 

The  student  should  be  fully  aware  of  the  great  advantages  obtained 
by  assiuning  the  vertical  plane  of  projection  at  right  angles  to  the 
given  plane,  or,  as  it  appears  on  paper^  by  taking  tiie  ground  line  at 
right  angles  to  the  horizontal  trace. 

5.  To  draw  the  plan  and  elevation  of  a  line  at  right  angles  to  a  girea 

plane. 

From  a  point  in  the  plane  to  be  of  given  length. 
S''.  From  a  point  outside  the  plane. 

6.  Reverting  to  problem  4 : — Draw  the  plan,  &c.  of  a  line  <if'  long  iaeUned 

at  A°,  but  lying  in  a  plane  inclined  at  B%  and  complete  llie  plan  of  tfie 
square,  of  which  this  is  one  ride. 

It  is  scarcely  neeeasary  to  warn  the  atndant  against  aHsmning  the 
A*"  larger  than  the 

In  this  construction  will  be  introduced  the  all-important  piooesa  <d 
*'  constructing  "  the  plane,  i.c.,  turning  it  romid  upon  its  horizontal  trace, 
as  hinge,  till  it  takes  up  itself  a  horizontal  position,  and  the  poinia. 
Hues,  £c.,  lying  in  it,  are  seen  in  their  true  relative  positions. 

The  problem  (6)  may  be  infinitely  varied  as  the  given  ''lineo^' 
"  long,"  need  not  necessarily  be  a  side  of  the  plane  figure  whose  plan 
is  to  be  determined,  but  any  line  connected  witii  it. 

7.  Let  the  square  in  the  last  problem  be  one  of  the  fhcea  of  a  cube.  With 

the  aid  of  problem  5^  complete  the  plan  of  The  eube. 

The  student  will  have  Uius  arrived  at  the  first  case  of  solids  repre- 
sented under  given  conditions,  the  data  in  thia  caae  bdng  the  indi- 
nation  of  a  plane,  and  the  mclinadon  of  a  Une  lying  in  that  plane. 
But  he  must  not  neglect  in  his  course  the  study  of  the  rimple  geome- 
trical aohds,  when  resting  on  the  horitonfeal  plane  wxtii  one  nee  or 
the  base  in  contact  with  it.  The  cube^  tetrahedron,  and  octohedran, 
.  .  aa  jalao  the  pyramid  and  prism,  dioold  be  studied  in  tiwse  podtkns 
and  sections,  of  sectional  elevations  shonld  he:  determined  aa  ftmed 
by  planea  given  in  various  positions. 

8.  To  find  the  angle  contained  by  two  stnighc  lines  irhidt  meet  the 

projectioiia  of  the  lines  being  given). 

9.  To  find  the  angle  formed  by  a  given  strught  line  and  a  plane. 

10.  To  find  the  angle  formed  by  two  intersectmg  planes. .  •  . 

Deduction.   Through  a  given  straight  line,  lyin^  in  a  given  plane, 
-  to  draw  a  second  plane,  whidi  shall  ftmn  an  ax^e  of     with  the 
first. 

11.  Two  lines  of  given  length  contain  an  angle  of  A^     The  one  is  in- 

clined at  B%  the  other  at  C^.    Draw  the  i)hm  of  die  lines  in  that 
position,  and  determine  the  inclination  of  the  plane  containing  them. 
Memo.— A**,  B°,  and  C°  together  most  not  exceed  180^ 

IS.  Two  lines,  each  a"  in.  leDgth,  bisect  one  another,  and  axe  tt  right 
angles.  The  one  is  inclined  at  A^  the  other  at  B°.  Consideriiw  these 
to  be  two  diagonals  of  on  octohedron,  complete  the  plan  of  the  SQlid. 

The  student  here  arrives  at  the  second  important  case  of  solids  from 
conditions,  the  data  in  this  case  being  Uie  inclinations  of  two  Ums 
connected  with  the  solid. 
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TliiB  brief  eonne  only  professes  to  point  oat  to  the  student  those 
problems  which  call  for  his  earliest  and  most  careful  attention,  either 
as  involTing  an  important  principle,  or  as  being  the  key  to  other 
branches  of  the  subject  He  will  find  that  after  mastering  these,  that 
other  problems  that  he  may  meet  with  in  his  ezaminatibn  papers  or 
text-books  will  have  lost  much  of  their  apparent  difficulty. 

Problems  with  reference  to  curved  sur&ces  cannot  be  introduced 
into  a  brief  syllabus  like  this,  as  they  cannot  well  be  studied  without 
the  aid  of  an  experienced  teacher,  and,  as  regards  this  last  remark, 
the  student  is  recommended  constantly  to  bear  in  mind  that  10 
ndnntes  Terbal  instruction  in  this  subject  is  worth  nearly  one  hoar's 
prirate  study  of  a  text-book. 


SUBJECT  II.   MACHINE  CONSTRUCTION  AND  DRAWING. 

It  is  assumed  that  the  candidate  has  already  acquired  the  power  of 
lepresenting  obgects  in  ortho^phic  projection,  and  of  drawing  to  scale 
(see  Subject  and  that  he  m  <^pable  of  drawing  well  and  neatly ;  the 
examination  in  this  subject  then  will,  besides  thiB»  test  his  knowledge 
ef  the  form  and  construction  of  the  elementaay  parts  of  machines. 
SnaSi  sketches  of  machine  details  will  be  ^ven,  more  or  less  incomplete, 
wjA  the  principal  dimensions.  The  candidate  will  be  required  to  make 
ttom  these  complete  drawings  to  a  given  scale.  Generally  more  than 
one  view  of  each  detail  will  be  required,  and  the  several  views  must  be 
pToperiy  prelected  from  each  other.  The  candidate  should  first  set  out 
the  centre  hues  of  the  drawing  and  should  set  off  the  dimensions  from 
them.  The  candidate  should  indicate  by  diagonal  shading  the  parts 
cut  by  planes  of  section.  Any  indication  that  the  candidate  has  merely 
copied  we  sketches  given,  without  understanding  the  principle  of  the 
mecfaamsm,  will  invalidate  his  examination. 

FiBOT  StADB  or  ELBinNTART  CoiTRSB. 

The  candidate  will  pnly  be  required  to  show  an  aoquaintance  with 
the  simplest  elements  of  machines,  and  the  simplest  methods  of  com- 
Inning  parts  of  machines^ 

Sbcond  Stags  or  Advancbd  Course. 

The  candidate  must  show  a  wider  and  more  accurate  knowledge  thin 
is  required  for  the  elementary  coarse,  and  a  power  of  diawing  more 
complex  combinations.  He  may  be  required  to  draw  one  view  of  a  part 
of  a  maebine  from  details  given  in  other  views.  For  instance,  a  plan 
from  given  elevations. 

The  following  list  is  not  intended  to  be  exhaustive,  but  it  indicates 
the  move  important  parts  of  machines,  with  the  form  and  construction 
of  which  candidates  for  the  elementary  and  advanced  courses  should  be 
fiumiliarised. 

Proportionii  of  bolts  and  nuts ;  connexion  of  cast-iron  parts  by  bolts 
and  flanges;  connexion  of  parts  by  a  key;  connexion  of  parts  by  a 
o6tter»  or  by  gibs  and  cotter. 

Shafting  with  collars,  and  bosses.  The  simpler  forms  of  couplings 
for  shafts.   Half  lap  couplmg ;  box  coupling ;  face  plate  coupling. 


*  Themostpracticalof  all  French  works. 
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Pedestals  and  plummer  blocks.  Fonns  and  proportions  of  steps. 
Brackets  for  carrying  shafts. 

Spur  wheels,  bevel  wheels,  mortice  wheels.  PuUies  for  belting. 
Fast  and  loose  pulley;  cone  pullies. 

Forms  of  wrought  and  cast  iron  crossheads.  Of  engine  connecting 
rods.   Of  cast  and  wrought  iron  cranks.   Of  eccentrics. 

Construction  of  steam-engine  piston,  and  of  ur-pump  bucket. 

Form  and  construction  of  various  kinds  of  valves.  Ball  valve; 
conical  or  puppet  valve ;  flap  valve ;  Indian-rubber  disc  and  batteifiy 
valve;  double-beat  vtlve,  sliding  valve,  or  sluice. 

Glands  and  stuffing  boxes. 

Pipes  and  pipe  joints. 

Antingement  of  simple  steam  cylinder  and  valve  chest,  with  steam 
passages. 

Arrangement  of  simple  form  of  air  pump  and  valves. 
Arrangement  of  simple  form  of  force  pump  and  valves. 

Examination  fob  Hokoubs. 

The  candidate  will  have  to  pass  an  examination  designed  to  test  his 
knowledge  of  the  principles  and  practice  of  machine  conatructifHi,  lus 
answers  l)eing  illustrated^  when  necessary,  by  careful  hand  sketches. 
He  may  be  examined  as  to  the  general  construction  and  principles 
involved  in  the  action  of  the  most  miportant  varieties  of  steam  engines, 
water-wheels,  pumps,  presses,  and  machine  tools.  He  should  be  ac- 
quainted with  the  forms  and  most  obvious  proportions  of  transmiasrye 
machinery,  shafting,  gearing,  &c.,  and  the  modes  of  varying  velodtf  in 
machines.  He  should  know  how,  in  the  simpler  cases,  to  proportion  a 
part  of  a  machine  to  the  load  it  has  to  cany.  He  should  have  some 
knowledge  of  the  material  of  which  different  parts  of  machines  should 
be  constructed. 

In  addition  the  candidate  wiU  have  to  design  some  portion  of  an 
engine  or  machine  from  a  general  description,  and  to  prescribed  dunen- 
sions.  He  must  show  a  practical  acquaintance  with  the  construction  of 
the  nuichine,  and  a  power  of  proportioning  its  parts.  He  should  aim 
At  producing  a  working  drawing.  This  design  tne  candidate  will  hare 
to  execute  at  his  own  home  in  a  specified  time. 

The  following  works  are  recommended  as  text  books  and  books  of 
reference : — 

Rudimentary  Principles  of  the  Construction  and  Working  o/MackiuTy, 
by  C.  D.  Abel,  C.E,  (Virtue  and  Co.) 

Practical  Treatise  on  Mill  Gearing^  by  Thomas  Box. 

(£.  and  F.  N.  Spon.) 

Catechism  of  the  Steam  Engine,  hy  John  Bourne.  (Longnuins.) 
Machinery  and  Mittwork,  by  I^oressor  J.  M.  Rmkine.  (GiifBn.) 
Treatise  on  Mills  and  MiUwork,  by  Sir  W.  Fairbaim,  C.£. 

(LoogmattB-) 

The  Elements  of  Mechanism,  by  T.  M.  Goodeve.  (Longmans.) 
Der  Constructeur  von  F.  Reuleaux. 

(F.  Vieweg  imd  Sohn  Braunscbireig.) 
Le  Vignole  des  M^chanieiens,   Essaisur  la  Construction  des  Mackinit. 
Armengaud.  (A.  Morel  et  Cie., 


Digitized  byGoOglC 


m. — BUILDING  CONSTRUCTION. 


61 


SUBJECT  III.   BUILDING  CONSTRUCTION. 

Ab  the  object  of  this  Course  of  Instruction  is  to  lay  the  foundation  of 
a  sound  knowledge  of  the  principles,  as  well  as  of  the  practice,  of  Build- 
ing Gonatruction,  and  so  lead  the  workman  to  labour  with  his  head  at 
tiie  sune  time  aa  with  his  hands,  the  teacher  should  not,  necessarily, 
attempt  to  push  the  students  through  the  whole  of  the  subjects  enume- 
rated m  this  syllabus,  but  should  limit  the  range  of  his  tuition  according 
to  the  time  at  his  command  and  the  intelligence  of  the  pupils. 

A  larger  number  of  questions  will  be  set  in  the  examination  papers  for 
the  Elementary  and  Advanced  Stages,  than  the  candidates  will  be  allowed 
to  attempt,  so  that  he  will,  to  a  certidn  extent,  be  able  to  show  his 
knowledge  in  such  branches  as  he  may,  from  circumstances,  have  paid 
special  attention  to.  For  instance,  a  student  better  acquainted  with  iron 
toan  wooden  structures  will  be  able  to  select  a  question  on  iron,  in 
preference  to  one  on  wood,  work.  In  order,  however,  to  ensure  that 
special  attention  shall  not  be  given  to  work  of  one  description  only,  a 
certain  number  of  the  questions  given,  about  one  half,  will  be  compul- 
sory, f the  candidate  must  attempt  these,  and  unless  he  shows  a 
Bound  knowledge  of  work  of  more  wan  one  kind,  by  answering  a  &ir 
poroportion  of  ihem,  the  rest  of  his  paper  wiU  not  be  considered. 

Moderately  good  drawing,  showing  an  intelligent  knowledge  of  the  sub- 
ject, will  always  be  awardd  higher  credits  at  &e  examination  than  more 
highly  finished  drawings,  exhibiting  an  ignorance  of  constructive  details.. 

First  Stagb,  or  Elementary  Course. 

It  is  assumed  that  the  student  has  already  mastered  the  use  of  ther 
following  drawing  instruments: — ^rulers,  ordinary  and  pandlel;  ruling 
pen ;  compasses,  with  pen  and  pencil  bow-sweeps,  as  well  as  the  oon-^ 
stmction  and  use  of  simple  scales,  such  as  1,  2,  3,  or  more  feet  to  the 
inch,  showing  inches ;  or  such  as  i,  i,  i,  },  f ,  f  ,  or  other  fraction  of  ftiU 
size,  or  of  any  given  scale  or  drawing :  and  the  meaning  of  such  terms 
as  Flan,  Elevation  (front,  back,  or  side).  Section,  Sectional  Elevation. 

He  should,  understand  the  object  of  bond  in  brickwork,  i.e.,  English 
lx>iid,  Flemish  bond,  or  English  bond  with  Flemish  f&cing,  and  how  it 
is  attained  in  walls  up  to  three  bricks  thick,  in  the  following  instances, 
viz.,  footings  with  ofiisets,  angles  of  buildings,  connexion  of  external  and  . 
internal  waUs,  window  and  door  openings'  with  reveals  and  square 
jambs,  external  g^auged  arches  (camber,  segmental,  and  semi-circular),, 
internal  discharging  arches  over  lintels,  and  inverted  arches. 

He  should  know  where  to  put  wood  bricks,  or  plugging,  and  their^ 
use ;  the  construction  and  uses  of  brick  corbeling,  and  the  construction-  . 
of  trimmer  arches  in  fire-places. 

He  Aouldbe  able  to  give  sections  and  elevations  to  scale  of  the 
following  kinds  of  mason^s  work,,  viz.,  uncoursed  and  coursed  rubble,- 
block  in  course,  and  ashlar,  with  their  bond,  and  the  proper  dimensions 
of  the  stones,  as  to  height,  width  of  beds,  and  length ;  and  of  the  fol- 
lowing dressings,  viz.,  wmdow  sills,  window  and  door  jambs,  plain  window 
wd  door  heads,  door  steps,  string  courses,  quoins,  copings,  common 
cornices,  blocking  courses ;  and  of  the  following  methods  of  connecting 
stones,  viz.,  bv  cramps,  dowels,  joggles,  and  lead  plugs. 

He  should  be  able  to  show  how  to  join  timbers  by  halving,  lapping, 
notching,  cogging,  scarfing,  fishing,  and  mortise  and  tenon ;  as  applied 
to  wall  plates,  roof  timbers,  floors,  ceilings,  and  partitions. 

He  should  be  able  to  draw,  from  given  dimensions,  couple,  collar,  and 
kingpost  roofs,  showing  the  details  of  t^e  framing  and  of  the  / 
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He  should  be  able  to  draw,  from  priven  dimensions^  single,  double,  and 
framed  floors,  with  or  without  ceilings  beneath  them ;  showing  modes  of 
supporting,  stifPening,  and  framing  the  timbers,  trimming  round  hearths 
and  wells  of  stairs ;  also  floor  coverings  of  boards  or  battens,  rebated  and 
filleted,  ploughed  and  tongued,  and  laid  folding,  with  straight  or  broken 
joints,  beveled  or  sauare  heading  joints. 

He  should  be  able  to  draw  in  elevation,  from  given  dimeosioas,  i 
framed  partition  with  door  openings. 

He  snould  be  able  to  draw  in  elevation,  and  give  vertical  and  hori* 
cental  sections  of  solid  door  frames  aud  window  ^mes. 

He  should  be  able  to  describe,  by  drawings,  headings  of  difeent 
kinds,  dovetailing,  cross-grooving,  rebating,  plough-grooTing,  chamfer'- 
ing,  rounded  nosing,  and  housings. 

He  should  be  able  to  draw  in  elevation,  and  give  vertical  and  hori< 
zontal  sections  of,  the  following  doors,  viz.,  ledged,  ledged  and  bnced, 
ftnmed  and  braced,  paneled,  and  the  mode  of  putting  them  together, 
position  of  hinges  and  furniture ;  as  well  as  to  describe,  by  drawiag,  the 
following  terms  as  applied  to  paneled  doors,  viz.,  square  and  flat,  bead 
butt,  bead  flush,  moulded,  all  on  one  or  both  sides. 

He  should  be  able  to  draw  in  elevation,  and  to  give  vertical  and  ban* 
zontal  sections  of  the  following  window  sashes  and  frames,  viz.,  single 
or  double  hung  sashes  with  square,  beveled,  or  moulded  ban,  and  cased 
frames ;  casement  sashes  hung  to  solid  frames,  with  method  of  hanging 
and  securing  in  each  case. 

'  He  should  be  able  to  show,  in  elevation  and  section,  the  lead-waik*. 
eonnected  wich  chimneys,  ridges,  hips,  valleys,  gutters,  and  lead-flats.  • 

He  should  be  able  to  give  an  elevation  and  section  of  the  slating  of  a 
roof  laid  with  duchess  or  countess  slates  on  boards  or  battens. 

He  should  be  acquainted  with  the  proper  cross  section  for  cast-iron 
beams  for  use  in  floor  girders  or  bressummers,  or  as  canlalevers ;  and  he 
able  to  draw  such  a  section  in  its  right  proportions  from  given  dimeii« 
siona  of  flanges. 

He  should  be  able  to  draw  in  elevation,  from  given  dimensions  and 
skeleton  diagrams,  ordinary  iron  roofs  up  to  40  feet  span,  showing  the 
flections  of  afferent  parts,  and  methods  of  connecting  ^em. 

Second  Stage,  or  Advanced  Course. 

In  addition  to  the  subjects  enumerated  for  the  Elementaiy  Conne^ 
in  all  of  which  questions  of  a  more  complicated  nature  may  be  set,  com- 
bining work  done  by  the  different  trades — ^the  knowledge  of  the  stadenti 
will  be  tested  under  the  following  heads,  \iz, : — 

1st.  Freehand  sketches  explanatory  of  any  details  of  constractiont 
such  as  the  joints  of  iron  and  wooden  structures,  and  other  parts  re- 

Suiring  illustration  on  an  enlarged  scale.  These  sketches  may  be  roughly 
rawn,  provided  they  are  clear  and  capable  of  being  readily  understood. 
2nd.  The  natiue  of  the  stresses  to  which  the  different  parts  of  simplo 
s^ctures  are  subjected,  as  follows : — 

In  the  case  of  beams  fixed  at  one  end,  such  as  cantilevers,  and  fim 
at  both  ends,  or  supported  at  both  ends,  as  in  girders,  the  student  ^onld 
know  which  side  of  the  beam  is  in  compression,  and  which  in  tension* 

He  should  be  acquainted  with  the  oest  forms  for  struts,  ties,  and 
beams,  such  as  floor  joists,  exposed  to  transverse  stress. 

He  should  know  the  difference  in  the  strength  of  a  girder  canying  » 
given  load  at  its  centre,  or  uniformly  distributed. 

In  the  ordinaiy  kinds  of  wooden  or  iron  roof  troflses,  and  fruntd 
structures  of  a  similar  description,  he  should  be  able  to  distingni* 
the  members  in  compression  from  those  in  tension. 
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•  3ffd.  The  nature,  application,  and  characteristic  peculiarities  of  the  fol- 
lowing materials  irt  ordinaiy  use  for  building  purposes,  viz. : — 

Bricks  of  different  kinds  in  common  use,  loric,  Portland,  Caen,  and 
Bath  stones  (or  stones  of  a  similar  description),  granite,  pure  lime, 
bydnndic  lime;  Portland  and  Roman  cement;  mortars,  concretes,  grout, 
asphalte,  timber  of  different  kinds  in  common  use,  cast  and  mrought 
iron,  lead. 

4th.  Gonstroctive  details,  as  follows : — 

The  ordinary  methods  of  timbering  excavations,  such  as  for  founda- 
tions to  walls,  or  for  laying  down  sewers;  the  erection  of  bricklayer's 
and  mason's  scaffolding ;  the  construction  of  travelers ;  the  use  of  piles 
in  foundations;  hoop  iron  bond  in  brickwork,  diagonal  and  herring-bone 
conrses  in  ditto,  damp-proof  cotirses,  bond  timber  in  walls  and  the 
objections  to  it. 

He  riiould  know  how  bricks  are  laid  in  hollow  walls,  window  or  door 
openings  with  '  splayed  iambs/ flues,  chimneys,  fireplaces,  and  arches  up 
to  about  2(>  feet  span ;  how  mortar  joints  are  finished  off,  and  the  thicl^ 
ness  usually  allowed  to  them ;  "why  oricks  and  stones  ought  to  be  wetted 
before  being  laid. 

He  should  be  acquainted  with  the  'construction  of  brick  ashlar  walla* 
rabble  ashlar  walh,  stone  stairs,  wooden  stairs  (both  dog-legged  and 
open  newel),  skylif^hts,  fire-proof  floors  (such'as  brick  arches  supported 
on  rolled  or  cast-iron  girders.  Fox  and  Barrett's,  and  Dennett's  patent 
ooncreie  floors),  circulai:  and  c^rg-shi^^ed  drainsi,  roofs  of  iron  or  wood, 
for  spans  up  to  60  feet ;  the  fijang  of  architraves,  linings  and  skirtings 
to  walls,  shutters  to  windows,  lath,  plaster,  and  battening  to  walls,  roof 
coverings  of  tiles  and  zinc,  slate  ridges  and  hips. 

Written  answers  will  be  required  to  some  of  the  questions. 

Examination  fob  Honours. 

The  candidate  wiU  have  to  ftirnish  a  design  for  a  building,  or  part  of 
a  bmlding,  in  accordance  with  given  conditions ;  which  design  he  wfll 
be  allowed  to  draw  out  at  his  own  home. 

He  will  be  called  upon. to  answer  in  writing — ^illustrated  by  sketches, 
either  freehand  or  to  scale,  as  directed— questions  on  all  the  subjecto 
previously,  enumerated  for  the  elementary  and  advanced  Courses. 

He  must  possess  a  more  complete  knowledge  of  buildin|r  materials, 
ihor  application,  strength,  and  how  to  judge  of  their  quabt^;  and  in 
the  case  of  iron,  of  the  processes  of  manufacture,  and  the  points  to  be 
attended  to  in  order  to  msure  sound  castings,  and  good  riveting. 

EEemnst  be  able  to  solve  simple  problems  in  the  meory  of  oonBtraetion, 
such  as  in  the  case  of  a  beam  supported  at  both  ends,  to  ascertain  the 
proportion  of  the  load  transmitted  to  each  point  of  support,  and  to  deter- 
mine the  safe  dimensions  of  iron  or  wooden  beams  subjected  to  dead 
loads. 

In  ordinary  roof  trusses  and  framed  structures  of  a  similar  descrip- 
tion, he  must  be  able  to  tr^ce  the  stresses,  brought  into  action  by  the 
load,  from  the  points  of  application  to  the  points  of  support,  as  wdl 
as  to  determine  the  nature  and  amount  of  the  stresses  on  the  different 
members  of  the  truss,  and,  consequently,  the  quantity  of  material 
xeouired  in  each  part. 

In  ordinaiy  walls  and  retaining  walls,  he  must  be  able  to  ascertain  the 
conditions  necessary  to  stability,  neglecting  the  strength  of  the  mortar. 

TKtt-books. 
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Drawing  for  Carpenters  and  Joiners.    Davidson.  Publisher, 
Gassell,  Petter,  and  Galpin  3  6 

Digitized  by  GoOglC 


64     SUB.  HL— (alternative)  naval  ABCHTTfiCTUBK 

S.'id. 

Building  Construction  and  Aichitectnnl  Drawing.  Davidson. 

Publisher,  Cassell,  Fetter,  and  Gdpin  .  -  -  -  2  0 
The  Art  of  Building.   Dobson.  (Weale's  Seriea.)  Publisher, 

Virtue  and  Co.  -        -        -        -        -  -16 

Foundations  and  Concrete  Works.   Dobson.  (Weale's  Series.) 

Publisher,  Virtue  and  Co.  16 

Carpentry  and  Joinery.   (Weale's  Series.)   Publisher,  Virtue 

and  Co.  16 

Plates  to  ditto.  ( Weale's  Series.)  FubUsher,  Virtue  and  Co.  -  4  6 
Roofs  for  Public  and  Private  Buildings.  (Weale's  Series.)  Pub- 

lisher,  Virtue  and  Co.  -  •  -  -  -  -16 
Iron  Roofs  of  recent  Construction,  descriptive  plates.  Virtae 

and  Co.  46 

Masonry  and  Stone-cutting.   Dobson.   (Weale's  Series.)  Pub- 
lisher, Virtue  and  Co.  -         -         -         -         -  -26 

limes.  Cements,  Mortars,  Concretes,  Mastics.  Bumell.  (Weale's 

Series.)  Publisher,  Virtue  and  Co.  -  •  -  -16 
Brick  and  Tile-making.   Dobson.   (Weale's  Series.)  Publisher, 

Virtue  and  Co.  3  0 

Exercises  on  Mechanics  and  Natural  Philosophy.   Tate.  Pab- 

lifiher,  Longman        -        •        •        -         -  -20 

For  the  Oenerdl  Library,  £  s.  d. 

Gwilt's  Encyclopaedia  of  Architecture.  Publisher,  Longman  2  12  6 
Tred^rold's  Carpentry.    (New  edition  in  the  press.) 

Ashpitel's  Treatise  on  AKhitecture.  Publisher,  Black  -  1  10  0 
Kewland's  Carpenters  and  Joiners*  Assistant.  Publisher, 

Blackie   2  18  0 

Nicholson's  Carpentry.    Publisher,  Kelly. 

Reid  on  Portland  Cement.   Publisher,  Spon          -         .  0  12  6 

Rankine's  Civil  Engineering.   Publishers,  Griffin  and  Co.    -  0  16  0 
„      Useful  Rules  and  Tables.     Publishers,  Griffin 

and  Co.   0  9  0 

number's  Handy  Book  of  Strains.  Publisher,  Spon  -  0  7  6 
Sheilds  on  Strains  in  Ironwork.   Publisher,  Weale  •  .050 


SUBJECT  III  (ALTERNATIVE).^AVAL  ARCHITECTURE. 

First  Stags  or  Elbmbntary  Coubsb. 

^  Candidates  for  the  elementary  course  will  be  required  to  possess  sdH- 
^nt  knowledge  of  practical  ship-building,  to  apply  the  rsrious  ma- 
terials used  for  that  purpose  to  the  greatest  advantage,  such  for  instance 
as  ^'  shift  of  butts  "  for  both  wood  and  iron  ships.  Also  to  be  able  to 
make  sketches,  to  scale,  of  the  component  parts  of  a  ship's  hull. 

Sbcond  Staob  OB  Advancbd  Coursb. 

Candidates  for  the  more  advanced  course  will,  in  addition  to  tfai^ 
directed  for  the  elementary  course,  be  required  to  make  detail  and 
working  drawings,  showing  a  ' knowledge  of  the  metiiods  of  combining 
"^>everal  parts  of  a  ship's  hull.  Also  to  possess  a  knowledge  of  laying 
^  on  the  mould  loft  floor. 
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EXAMTNATION  FOR  HONOURS. 

The  hoDonn  examination  will  embrace  questions  relating  to  the 
calculation  of  displacement,  in  addition  to  that  prescribed  for  the  pre- 
ceding courses ;  and  the  candidates  will  be  required  to  make  a  drawing 
at  hom^  comprising  sheer,  half-breadth  ana  body  plans,  &om  data 
which  wUl  be  furnished. 

Neatness  and  accuracy  in  drawing  will  be  insisted  on. 

The  following  works  will  comprise  all  that  the  teachers  will  require  as 
text  books,  vi*. : — 

BuSmetits  of  Naoal  Arehiteciure,  by  James  Peake  (Weale's  Series), 
12mo.,  3s.  rLondon.  Weale,  1551.) 

SUpbrnlding  in  Iron  and  Steel,  by  £.  J.  Reed,  8vo.,  30$. 

(London,  Murray,  1868.) 
Directions  for  Laying-off  Skips,  by  J.  Flncham,  8vo.,  6t. 

(London,  Whittaker,  1840.) 
OutUne  of  Shiphdlding,  by  J.  ^cham,  8vo.,  dl«.  Gd. 

(London,  Whittaker,  1853.) 
ShtphuOdvug,  Theoretical  and  Practical,  edited  by  W.  J.  .M.  Rankine, 
folio,  84«.  (London,  Mackenzie,  1866.) 

For  the  General  Library :  Barlow*s  Strength  of  Materials. 


SUBJECTS  IV;  %  V.~MATHEMATICS. 

This  subject  is  divided  into  seven  stages.  The  examination  in  stages 
1,  2,  and  3  is  taken  on  one  evening;  in  stages  4  and  5  on  another;  and 
in  stages  6  and  7  on  a  third. 

A  student  may  in  any  one  year  come  up  on  all  three  evenings,  but  he 
may  only  take  up  one  stage  on  each  evening.  The  manner  in  which 
the  subject  has  been  divided  under  the  several  stages  has  been  largely 
dictated  by  the  requirements  of  the  system  of  the  Department  as 
.respects  payments  on  results  and  method  of  examination.  The  se- 
quence of  the  stages  is  therefore  not  to  be  considered  strictly  as  a 
guide  to  the  student's  reading.  There  is  no  reason,  for  instance,  why 
«  student  should  not  read  the  portion  of  the  subject  given  under 
stage  4  at  the  same  time  or  before  tnat  given  under  stage  3. 

N.B.-^  Sufficient  questions  will  alwavs  be  given  in  the  early  portions 
of  each  stage  to  enable  a  student  witn  a  thorough  knowledge  of  them 
by  good  answering  to  obtain  a  second  class. 

First  Stage. 

A  certain  number  of  questions  will  be  set  which  must  be  attempted  ; 
and  no  candidate  will  be  allowed  to  pass  unless  his  answer  to  those 
questions  shows  that  he  possesses  sufficient  knowledge  of  the  subject  to 
obtain  a  correct  solution. 

1.  Arithmetic  generalfy, ^The  performance  of  numerical  calculations 
with  accuracy  and  lucid  arrangement,  and  exnianation  of  the 
reasons  of  processes  of  a  simple  kind,  may  be  aemanded.  This 
branch  is  mentioned  not  so  much  as  a  separate  subject,  but 
because  wherever  examples  are  given  which  involve  numbers,  the 
complete  solution  in  figures  should  be  given :  that  it  may  be 
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ascertained  by  the  examiner  liiat  tbe  candidate  can  from  formii]? 
in  symbols  deduce  useful  numerical  results. 
Decimal  fractions  in  all  cases  to  be  shown  (not  tmlgarfractuias), 

2.  Oeometry. — ^The  properties  of  lines,  triangles,  rectilinear  figuies,  as 

far  as  they  are  treated  in  the  1st  Book  of  Euclid. 

The  examination  questions  in  this  subject  will  generally  be  given 
so  as  to  bring  out  as  far  as  possible  the  candidate's  knowledge  of 
the  principles  of  geometry.  They  will  not  be  set  in  the  form  of 
Euclid,  but  will  consist  as  far  as  may  be  of  definitions  and  euv 
geometrical  theorems  which- can  be  proved,  and  problems  whicn 
can  be  solved  bv  the  application  of  the  well-known  properties  of 
triangles,  &c.  Any  solution,  whether  in  the  words  of  Eadid  or 
not,  which  shows  that  the  candidate  possesses  an  aceuiute  method 
of  geometrical  reasoning  will  be  accepted.  Candidates  sbotdd 
endeavour  to  draw  good  figures,  and  should  as  much  as  possible 
keep  the  demonstration  on  the  same  page  with  the  figure. 

3.  Algebra, — Definitions.   Simple  rules.   .Greatest  conunon  measure 

and-  least  common  multiple.  Integer  Indices.  Fractions  and 
Reductions.   Simple  equations  and  problems  producing  them. 


Second  Stags. 
AH  the  preceding  subjects,  with  these  additions 

1.  Oeometry.— The  relations  of  rectangles  and  squares  to  one  anodier, 

and  me  properties  of  the  circle,  as  fiir  as  they  are  treated  in  the  Sad 
and  drd  books  of  Euclid. 

As  before  defined,  answers  to  questions  on  this  part  of  Geomel^ 
may  be  given  on  any  system  which  the  student  may  have  followol 
provided  the  reasoning  be  clear  and  accurate. 

2.  Algebra, — Quadratic  equations  and  problems  producing  them.  Inro- 

lution  and  Evolution.   Ratio.  Proportion. 

3.  Piane  Trigwiometry, — Definitions.   Modes  of  measuring  angles,  by 

degrees,  grades,  and  circular  measure.  Thegoniometric  fondiom, 
and  the  conversion  of  one  into  another.  The  meaning  of  cootia- 
riety  of  signs  in  trigonometry.  Tracing  of  the  goniometnc  functions 
in  magnitude  and  algebraic  sign  through  the  four  quadrants 
and  when  an  angle  xa  indefinitely  increased.  Tlie  anthmetioil 
values  of  the  goniometric  functions  of  30°,  45°,  60°,  75°,  90^,  &c 
Formulae  for  multiplication  and  division  of  angles :  sine,  cosine, 

tangent,  &c.,  of  (A  ±  B),  2A,  3 A,  g-,  and  ^.  Also  of  ^  and  JB  in 

terms  of  smes  and  cosmes  of  — g —  and    ^  ' 

Looarithms, — Definition.  Multiplication,  Division,  Involutioo 
and  Evolution  by  logs.  The  use  of  logarithmic  tables.  Tabka  rf 
proportional  parts  for  numbers  and  angles. 

TWaiwZw.— Formula  for  cosine  of  an  angle  of  a  triangle  in  terais 
of  its  sides.  The  relation  between  sines  of  angles  and  &e  opposite 
Bides ;  sine,  cosine^  tangent,  &c.,  of  half  an  angle  of  a  triangle  in 
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terms  of  sides,  and  ot  the  sine  of  an  angle.  Area  of  a  triangle. 
Solution  of  triangles.  Heights  and  distances  of  inaccessible 
objects. 


Third  Staob. 

All  the  preceding  subjects^  with  these  additions 

1.  Aigebra. —  Permutations  and  Combinations.    Progressftms.  The 

Binomial  theorem.  Complete  theory  of  indices.  The  Binomial 
theorem  with  any  index.  The  multinomial  and  exponential 
theorems.  Logarithms  and  logarithmic  series,  and  construction  of 
tables  of  logarithms. 

2.  Plane  'I\riffimometry, 

Diameters  of  circles  inscribed  in  and  circumscribed  about  a 
given  triangle.  Areas  of  rej[ular  polygons  inscribed  in  and  cir- 
cumscribed about  a  given  circle.  A^  of  a  circle.  Description 
and  use  of  vernier  and  theodolite  and  sextant.  Demoivre's 
theorem  for  an  integral  positive  index.  Expressions  for  sine, 
cosine,  and  tangent  of  an  an^le  in  terms  of  the  angle.  The  expo- 
nential exjuressions  for  the  sine,  cosine,  and  tangent  of  an  angle, 
and  resulting  series.  Solution  of  quadratic  and  cubic  equations 
by  trigonometry. 

Or  a  studewt  may,  m  place  of  the  preceding  trigonometry,  take 
up  the  elements  ofsphericdl  trigonometry.  Qnntions  will  be  given 
in  both  subfecte,  but  in  tiu  stage  the  student  will  not  be  required  to 
answer  questions  in  both  to  obtain  fuU  marks, 

^herical  Trigonometry, 

Definitions  of  great  and  small  circles,  angles,  and  sides  of 
spherical  triangles.  Relations  between  the  angles  and  sides  of 
supplemental  triangles.  The  fundamental  relations  between  the 
trigonometrical  ratios  of  the  angles  and  sides  of  every  spherical 
triangle.  Solution  of  right-angled,  quadrants!,  and  other  sphe- 
rical triangles.  The  analogies  of  Napier  and  the  formulae  of 
Gauss. 

Honours. 

In  the  subjects  of  the  three  preceding  stages  of  elementary  mathematics 
the  principal  theorems  and  their  applications  are  indicated.  A  well 
preftaed  student  will  know  of  extensions  of  these  theorems,  and  their 
employment  in  the  solution  of  problems :  to  enable  him  to  show  enlarged 
tesSing  there  will  be  set  on  the  same  evening  a  paper  headed.  Examina- 
tion for  Honours. 

The  subjects  being  the  same,  there  will  be  proposed  m  this  pi^per  ques- 
tions which  will  be  chiefly  problems  or  theorems  of  the  more  difficult 
kind  in  each  part.  In  algebra,  the  examples  given  will  require  more 
fimuliaitty  with  algebraic  transformations  and  include  the  doctrine 
tyf  infinite  series  with  extended  use  of  the  binomial  and  its  depen- 
dent theorems.  Indeterminate  equations.  Method  of  indeterminate 
coefficients.  Continued  fractions.  Series.  Properties  of  niunbers. 
In  geometry,  the  questions  will  chiefly  be  problems,  or  may  require  the 
ttd  of  trigonometry  as  well  as  pure  geometey  for  their  complete  answer : 
in  trigonometry,  besides  questions  which  will  exercise  the  student's 
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ingenuity  and  test  his  fiBmiliarify  with  principles,  the  BobjecA  of  angki 
greater  than  two  right  angles,  and  the  relations  between  trigonometrie 
ratios  and  all  the  angles  wmch  they  indicate,  will  be  included ;  trigono- 
metric eliminations  and  transformations  and  the  appUcation  of  s^ebn 
to  geometry  must  be  familiar.  Trigonometric  series  and  expsnsions. 
Construction  of  the  Trigonometric  Tables.  Formulas  of  'Verificstion. 
Proportional  parts,  and  the  calculation  of  logarithms  of  trigoDometric 
ratios  by  series.  The  properties  of  regular  polyhedrons  treatdl  bv  sph^ 
rical  trigonometry.  (Analytical  geometry  or  the  equations  of  the  line 
and  circle  will  not  be  required^  but  chiefly  the  algeoraic  repceaentatioo 
of  geometrical  ratios.) 

The  books  in  which  elementary  mathematics  may  be  studied  ate  too 
numerous  to  be  mentioned,  but  as  specimens-  of  good  and  trustworthy 
treatises,  which  may  be  used  with  advantage  by  candidates  who  hare 
little  or  no  assistance,  the  following  works  by  Mr.  Todhunter  may  be 
recommended : — 

Algebra  for  Beginners,  18mo.,  25.  6rf. 

(London,  Macmillan,  new  ed.,  1867.) 
Algebra  for  the  use  of  Colleges  and  Schools,  8vo.,  7*.  6(i. 

(London,  Macmillan,  4th  ed.,  1866.) 
Trigonometry  for  Beginners,  18mo.,  2s.  6d, 

(London,  MacmiDaD,  1866.) 

Elements  of  Euclid,  IBmo.,  3s.  6d. 

(London,  Macmillan,  new  ed.,  1864.) 
Plane  Trigonometry.  8ro.,  Bs.  (London,  Macmillan,  2ttd  ed.,  1861.) 
Spherical  Trigonometry.   8vo.,  4s.  6d. 

(London,  Macmillan,  2nd  ed.,  1863.) 

More  advanced  students  may  study  with  advantage : — 
Wood's  Elements  of  Algebra,  by  T.  Lund,  8vo.,  I2s.  6d. 

(London,  Longman,  new  ed.,  1861.) 
which  contains  an  abundant  supply  of  examples  in  Algebra. 

Also, — 

Arithmetic  and  Algebra,  by  Barnard  Smith, '8vo.,  lOs,  6d. 

(London,  Macmillan,  7th  ed.,  1860.) 

may  be  found  useful. 


Fourth  Stage. 

Plane  Geometry, — Ratio  and  proportion.  The  similitude  of  figum. 
Proportional  division  of  straight  lines.   The  inscription  of 
polygons  in  circles. 

N.B.— A  knowledge  of  the  4th  and  6th  Books  of  EuoBd't 
Elements,  supplemented  by  clear  notions  of  the  latio  and  fno- 
portionality  of  commensurable,  as  well  as  of  inoommensmaUfl 
magnitudes,  will  suffice.  Correct  demonstrations,  however,  derived 
from  any  other  source  will  be  accepted. 

Solid  Geometry, — ^The  properties  of  straight  lines  and  planes;  their 
intersections,  inclinations,  parallelism,  perpendiculariW,  &e. 

Trihedral  and  pol;^ hedral  angles.  Prisms,  p^ramios,  and  poljr* 
hedrons;  their  definitions,  plane  sections,  omilitnde,  Ac.i  thor 

quadrature  and  cubature.   

Elementary  properties  of  the  sphere,  andof  cylindasandoonei 
with  circular  bases ;  their  plane  sections,  tangent  planes,  sinfrM 
and  volumes. 
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Ducrhtive  Geometry. — Representation  of  points,  straight  lines,  and 
.  planes,  by  projections  and  traces  on  two  orthogonal  planes.  The  use 
of  auidliaiy  projections  and  rabatments.  Graphic  solutions  of  pro* 
blems  concerning  straight  lines  and  planes ;  their  intersections,  incli- 
nations, &e.  Problems  on  trihedral  angles. 

Qeometrical  Conies. — Properties  of  the  parabola,  ellipse,  and  hyperbola 
deduced  by  pure  geometry  from  definitions  in  piano. 

Fifth  Stage. 

The  preceding  subjects  of  the  fourth  stage,  together  with  the 
following : — 

De$er^iwe  Qeometry. — Problems  concerning  spheres,  (flinders,  cones, 
and  simpler  surfaces  of  revolution ;  their  mtersections  by  straight 
lines,  by  planes,  and  by  one  anotiier;  their  tangent  planes  and 
nomialB,  &c. 

Spherical  Trigonometry. — Definitions.  Great  and  small  circles.  Angles 
and  sides  of  spherical  triangles.  Relations  between  the  angles  and 
sides  of  supplemental  triangles.  The  fundamental  relations  between 
the  trigonometrical  ratios  of  the  angles  and  sides  of  every  spherical 
triangle.  Solution  of  right-angled,  quadrantal,  and  other  spherical 
triangles.  The  radii  of  their  in«  and  circumscribed  circles.  The 
analogies  of  Napier  and  the  formulie  of  Gauss. 

Cthcr^Mote  Gwmetry. — Rectangular,  oblique,  and  polar  co-ordinates  of 
a  prnnt,  and  transformations  from  one  system  of  such  co-ordinates 
to  anotiier. 

Equations  of  straight  lines,  and  the  treatment  of  questions 
relative  to  theb  intenection,  ooncuirence,  inclination,  pwallelism, 
perpendicularity,  ^« 

Equations  of  circles,  their  tangents,  and  normals.  Elementary 
properties  of  poles  and  polars  relative  to  the  circle.  Questions 
concerning  the  intersection  of  circles,  and  the  determination  of 
circles  which  satisfy  given  conditions. 

The  simpler  forms  of  the  eouations  of  the  parabola,  ellipse, 
and  hyperbola,  as  determined  nom  various  definitions  of  those 
curves.  The  equations  of  their  tangents  and  nprmals.  The  prin- 
cipal properties  of  their  diameters,  axes,  foci,  conjugate  diameters, 
asymptotes,  poles,  and  polars.  ^ 

Discussion  of  the  general  equation  of  the  second  degree  referred 
to  oblique  or  to  rectangular  co-ordinate  axes. 
Co-ordinate  Geometry  of  three  Dimensions. — Co-ordinates  of  a  point 
referred  to  oblique  or  to  rectangular  co-ordinate  axes.  Direction- 
angles  of  straight  lines.  Inclination  of  two  straight  lines.  Locus  of 
points  whose  co-ordinates  satisfy  a  given  equation,  or  two  given 
equations.  Equations  of  planes  and  of  straight  lines.  Determina* 
tion  of  their  inclinations,  and  of  the  conditions  of  their  parallelism 
and  perpendicularity.  iSreatment  of  questions  concerning  straight 
lines  and  planes. 

Honours. 

In  the  examination  for  honours,  questions  will  be  proposed  whose 
treatment  requires  a  more  extended  knowledge  of  the  foregoing  subjects, 
and  an  acquaintance  with  more  general  metnods  of  investigation.  In 
pure  geometry,  for  instance,  some  knowledge  of  harmonic,  as  weU  as  of 
anharmonic  ratios,  of  the  generation  of  conies  b^  homographic  rows  of 
points  and  pencils  of  lines,  and  of  the  descriptive  properties  of  these 
curves  as  thus  deduced  will  be  desirable.  In  co-ordinate  geometry. 
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affain,  opportaniiias  will  be  f^en  of  exfaibitiiig  a  knowledge  of  the  qm 
of  abridged  methoda  of  notatum*  of  bomogeneoua  pomt-oo*ordiiuiteaand 
Une-oo-ordinates,  and  of  the  modes  of  inveetigatiiig  tbarebjr  some  of  the 
Bimpler  pfopertiee  and  singularities  of  hij^ber  lane  cams. 

In  oo-orainate  geometry  of  three  dimensions  a  knowledge  of  the 
dassifioatlon  and  fttndamiBntal  properties  of  sotfiRoes  of  the  aeoond 
order  will  be  demanded. 

TsxT  Books* 

Amongst  the  works  on  the  snbjeels  of  the  4th  and  5th  stages 
whidi  may  be  read  with  advantage,  the  foUowing  may  be  olted:— 
Dr.  Woolley's  Elements  of  Descriptive  Geometry ;  Todhnnter's  Sphcriod 
Trigonome^;  Geometrical  Comes  by  Drew,  Taylor,  or  Besaat;  Dr. 
Salmon's  Tratises  on  Conies  and  on  Higher  Plane  Cwves ;  Townsend's 
or  MuloUiy's  Modem  Geometry;  Frost  and  Wolstenholme's  Solid 
Geometry* 

Sixth  Staok« 

DifferenHal  Cakuhs. — Definitions.  limits.  Diffenntial  coeflkients 
Difforentiation  of  simple  functions,  of  Inverse  functions.  Sneeesrive 
differentiation  of  functions  of  one  variable.  Taylor's  and  Mao- 
ku^'s  Theorems  and  their  simpler  ^pfications.  Detcminatioil 
of  values  of  functions  when  indeterminate  in  fomu  DiffBren&kion 
of  a  function  of  a  function  and  of  implicit  functions.  Maxima  and 
minima  of  functions  of  one  independent  variabk. 

Applioaitions  of  the  preceding  to  the  geomstanr  of  plaoe  omres 
referred  to  rectangular  or  to  polar  co-ordinates,  l^genta,  nonnils, 
snb-tangents,  sub-normals,  aapnptotes.  Multifrie  and  singular 
points.  .  Contact  and  curvature.  Tracing  of  curves.  DiiSsMntial 
coefficients  of  ares  and  areas  of  plane  curves,  and  of  the  sw&oes 
and  volumes  of  solids  of  revolution. 

Intejifral  ColnJas.— Meaning  of  definite  and  indefinite  intmation. 
Intemtion  of  the  more  frequently  ooeorriag  tuiae^um.  iakga^ 
tion  oy  parts^   Rational  fractions.   FoimiilsB  of  reduction. 

Applications  to  the  rectification  and  qnadratnse  of  plane  corves 
refernd  to  rectangular  and  polar  oo-ovcbiatea^  m  vdi  as  to  the 
quadratuMof  sumoBi  of  revdntion* 

Seventh  Staos. 

Diferential  Calculus, — In  addition  to  the  {Subjects  of  the  dzth  stage, 
the  foUowini^ : — ^Difllerentiation  of  functions  of  two  or  more  inde- 
pendent variables.  Lagran^'s  and  Laplace's  Theorems.  Change 
of  independent  variables.  Expansion  of  ^ncticms  of  more  HhSm 
one  independent  variable.  Maxima  and  minima  of  such  fimctionB. 
Elimination  of  functions. 

Geometrical  applications  of  the  calculus.  Involutes  and  evolutes 
of  plane  curves.  Envelopes  of  curves  and  sinflMses.  Tangent  plaofls 
ana  normals  to  surfaces.  Tangents  and  normal  planes  to  curves 
of  double  curvature.  Differential  coefficients  of  the  arcs  of  sudi 
curves,  as  well  as  of  the  surfaces  and  volumes  of  solids. 

Integral  Calculus, — Double  and  triple  integrals.  Applications  of  the 
calculus  to  the  quadrature  of  curved  siufaces  and  the  cubatore  of 
solids.  Change  of  variables  in  a  multiple  integraL  Definite  iate- 
grals;  their  differentiation  and  simpler  properties.  DefinitioQS 
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and  elemeniaiy  nioperties  <^  elliptio  integnJs  and  aOiptie  Auctions. 
Eolerian  inte^pms.   Gamma  functions. 

Differential  Equations, — ^Their  nature,  origin,  and  classification.  Inte- 
giable  forms  of  difPerential  equations  of  first  order  and  de^^rjoe, 
Ini^prating  factors.  Riccati's  equation.  The  methods  of  mte- 
grating  differential  equations  of  first  order«  but  not  of  first  degree. 
Xanear  diffbrential  equations.  Integration  of  them  hy  svmbolical 
methods  when  the  coe£}eients  are  constant.  .  Singular  solutions  of 
differential  equations.  Ordinary  differential  equations  with  more 
than  two  variables.  Simultaneous  differential  equations^  The 
nature  and  origin  of  partial  differentiid  equations.  Integration  of 
the  simpler  forms. 

Geometrical  aralieations  to  the  theory  of  curved  suxfaoes, 

Calcuhu  if  Fhnte  Diferenees. — ^Nature  and  olnect  qf  the  calculus* 
Definitions  of  its  symbols  and  terminolc^.  Differences  of  elemen* 
taiy  functions.  Expansion  by  fieM^torials.  Meanipg  of  generating 
functions.  Relations  between  Btfcoessive  values  and  mfferonces. 
DiffereDcea  of  aero.  Metoing  of  integration.  Easy  applications  of 
the  calculus  to  iptsipolaitiQa  and  tiie  summation  of  sonss. 

Honours. 

In  the  examinations  for  Honours,  the  range  of  subjects  will  be  almost 
the  same;  but  the  questions  proposed  will  be  of  a  mgher  order  of  diffi^ 
culiT.  A  more  extended  knowledge  of  the  applications  of  the  calculus 
to  tne  theoiy  of  surfoces  will  also  be  demanded. 

Text  Books. 

The  fbUowing  works  may  be  read  with  advantage 

Dr.  Salmon's  Higher  Algebra,  Higher  Plane  Curves,  and  Analytic 
Geometry  of  three  Uimensions. 

Boole's  Treatises  on  Differential  Eq|uation8  and  on  Finite  Differences. 

Todhuoter's  Treatises  on  the  Differential,  and  on  the  Integral 
CSslcuIus. 

'  Caicut  iHfferentUl  et  Integral,  par  Leiret. 
JVaiti  du  Calcul  Differentiel  et  Integral^  par  Bertrand. 


SUBJECT  VI.--THEORETICAL  MECHANICS. 
First  Stags  o»  Elbmxntary  Coursx. 

Tlie  student  who  takes  up  this  course  is  expected  to  give  ckar  and 
foil  Btbiements  of  the  principles  of  the  science,  and  to  show  that  he 
understands  them  bv  answering  easv  questions  on  their  applications. 
Tliese  questions  will  not  demand  for  their  solution  a  knowledge  of 
matheiAatics  Ix^ond  the  elements  of  algebra,  mensuration,  and  geo- 
metrical constructions  hj  scales  and  compasses.  The  formal  proof  of 
theorems  will  not  be  required  except  in  the  cases  specified  below 

A.— Stefiet. 

(1.)  The  composition  and  resolution  of  forces  and  the  conditions  of  their 
equilibriunr,  via.»  the  paraUelogrun,  triangle,  and  polygon  of 
forces.   Parallel  forces.   The  principle  of  moments. 

(2.)  Fhysicfd  properties  of  solids ;  hardness,  elasticity»ltenacity. 
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(d.)  Centre  of  graritj.  Its  position  in  tiie  case  of  a  straight  line,  panl- 
lelognm,  circle,  triangle,  sphere,  pTramid,  and  cone,  of  umfonn 
density ;  and  in  the  case  of  seven!  heavj  points. 

(4.)  Raeiction  of  a  fixed  point  or  fulcrum.  Ivquilibrinm  of  a  bodj 
capable  of  turning  round  a  fixed  point;  levers;  the  balance,  and 
its  sensibility ;  the  steel-yard. 

(6.)  Transmission  of  force  through  a  riffid  bod^  and  along  a  perfectly 
flexible  thread.  The  single  puQey.  Snnpler  combiuatioiu  of 
pulleys. 

(6.)  Reaction  of  smooth  and  rough  surfims ;  the  limiting  angle  «f  re- 
sistance, or  angle  of  repose ;  the  coefficient  of  iricbon ;  the  lam 
of  friction. 

(7.)  Conditions  of  equilibrium  of  a  bodv  resting  under  the  action  of 
forces  on  a  plane  whether  smootn  or  rough,  horizontal  or  in- 
clined; equilibrium  of  a  wall  sustaining  an  oblique  thnut; 
buttresses. 

!8.)  Stable  and  unstable  equilibrium. 
9.)  Unit  of  work,  and  horse  power;  simple  questions  as  to  the  working 
power  d  agento;  the  modulus  of  a  machine. 

B. — Dynamics, 

(10.)  Measure  of  time,  distance  and  velocity — ^uniform  or  variable.  The 
accelerative  effect  of  a  constant  force,  and  particularly  that  of 
gravity.  Relations  between  space,  velocity  and  time  in  the  case 
of  the  rectilinear  motion  of  bodies  whose  velocities  are  unifonnly 
accelerated.   Composition  of  velocities. 

(11.)  Definitions  of  mass,  momentum,  moving  force  and  of  vis  vira, 
energy  or  accumulated  work.  The  lawa  of  motion.  Hie  abso- 
lute unit  of  force. 

(12.)  Rectilinear  motion  of  a  body  under  the  action  of  given  forces; 
Atwood's  machine ;  motion  on  an  inclined  plane,  and  in  a  drde ; 
centrifugal  force;  time  of  small  oscillation  of  a  simple  pendulonL 
Centre  of  oscillation  of  an  oscillating  body. 

(13.)  Impulsive  forces ;  velocity  after  direct  impact  of  spheres;  trans- 
formation (or  loss)  of  accumulated  work  m  collision* 

C. — Hydrostatics  and  Pneumatics, 

(14.)  Law  of  transmission  of  pressure  through  a  fluid ;  pressure  of  a  fluid 
against  a  plane  area ;  the  centre  of  pressure ;  equilftiium  of  a 
reservoir  wall. 

(15.)  Pressure  of  a  fluid  on  a  body  wholly  or  partly  immersed.  Spedfic 
giavil^  of  a  solid  or  liquid ;  and  the  simpler  cases  oi  its  deter- 
mination. Conditions  of  equilibrium  of  a  floating  body.  The 
metacentre.   Conditions  of  stability  of  a  floating  body. 

(16.)  Experiments  which  show  that  air  is  an  elastic  fluid;  the  Msgdebmg 
hemispheres ;  the  cistern  barometer ;  Boyle's  experiment.  Bda- 
tion  between  pressure,  temperature,  and  vdume  of  a  gas. 

(17.)  Well  known  machines  and  the  principles  of  their  construction;  the 
hydraulic  press;  the  specific  gravity  balance;  the  hvdrometer; 
Nicholson's  hydrometer ;  the  specific  gravity  bottie;  the  ordinal/ 
suction  and  forcing  pumps ;  the  syphon ;  the  air  pump. 

The  student  should  be  able,  if  required,  to  prove 
(a.)  The  rule  for  determining  the  magnitude  of  the  resultant  of  two 
intersecting  forces^  assuming  the  rule  for  its  direction. 
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{h.)  The  rale  for  determining  the  resultant  of  two  parallel  forces. 

(c.)  That  the  sum  of  the  moments  of  two  intersecting  forces  with  refer- 
ence to  any^  point  in  their  plane,  e<iuals  the  moment  of  their 
resultant  with  respect  to  the  same  point. 

(d.)  The  rale  for  finding  the  centre  of  graviiy  of  a  triangle. 

(e.)  The  formuke  for  uniformly  acclerated  rectilinear  motion,  viz. > 

(/.)  The  formula  for  the  vis  viva  of,  or  utork  accumulated  in  a  moving 

body,  viz.,  i  mo*  or 

(y.)  That  the  pressure  of  a  fluid  on  a  body  wholly  or  partly  immersed 
equals  the  weight  of  the  fluid  displaced,  and  acts  vertically 
upward  through  the  centre  of  gravity  of  the  immersed  part  of  the 
body  supposed  of  uniform  density. 


Sbcond  Stags  or  Advanced  Course. 

The  student  who  takes  up  the  second  or  advanced  course  is  expected 
to  be  able  to  prove  the  fundamental  theorems  of  mechanics,  so  far  as 
the  subject  is  included  in  the  elementary  course,  and  to  work  somewhat 
harder  examples ;  thus  : — In  the  elementary  examination  he  might  be 
asked  to  explain  what  is  meant  by  "  centrifugal  force,"  and  to  work  an 

easy  example  on  the  formula  F  =        in  the  advanced  examination  he 

mighi  be  asked  to  prove  this  formula  as  well  as  to  work  a  somewhat 
hftraer  example.  He  is  also  expected  to  understand  certain  parts  of 
the  subject  not  included  in  the  elementary  course,  viz. : — 

(I.)  Properties  of  statical  couples,  and  proof  and  applications  of  the 
equations  of  equilibrium  of  forces  acting  in  one  plane. 

^2.)  Ck)nditions  of  equilibrium  of  simple  machines  when  the  friction  of 
the  parts  is  tsiken  into  account.  Inclined  plane,  wedge,  screw, 
pulleys,  bodies  capable  of  turning  round  an  axle  of  finite  radius* 

(3.)  The  principle  of  virtual  velocities  and  its  application  to  machines 
in  a  state  of  uniform  motion.  Dynamometers. 

(4.)  Motion  on  rough  inclined  and  horizontal  planes.  Motion  of  pro* 
jectQes. 

{5.)  Moment  of  inertia.  Effective  forces.  D'Alembert's  principle* 
Resultant  of  effective  forces  and  work  accumulated  in  tne  case  {ji 
a  body  turning  round  a  fixed  line.  The  fly  wheeL  Tbe  com* 
pound  pendulum. 

f  6.)  Oblique  impact.   Centre  of  percussion.   The  ballistic  pendulum. 

U')  Calculation  of  heights  by  barometer.   The  aneroid  barometer. 

(8.)  Motion  of  fluids  through  orifices,  pipes,  and  open  channels. 

{9.)  Capillary  attraction. 

Examination  for  Honours. 

The  details  of  the  course  for  this  examination  need  not  be  specified, 
but  it  must.be  understood  that  the  student  should  be  prepared  to  answer 
ouestions  on  every  branch  of  the  subject  as  usually  taught  in  the  higher 
classes  in  colleges.  In  addition  to  the  carefdl  studv  of  the  usual  text- 
books, such  asTodhunter's  Anahftical  Statics,  Routh's  or  GrifiBn's  Rigid 
Dynamics,  BesanVs  or  MiUer^s  Hydrostatics,  the  student  will  find  it  very 
useful  to  study  some  work  in  which  the  subject  is  treated  firom  a  some* 
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what  less  exclusively  mathematieal  point  of  view,  such  aa  the  first  19 
chapters  of  Jamin's  Cours  de  Physique,  Morin's  Notions  fondamentaietde 
Micanique,  the  first  division  of  Thomson  and  Tait's  Natural  Philo- 
sophy, &c.  The  applications  of  abstract  mechanics  to  Questions  of 
construction^  &c.  can  be  studied  in  Moseley's  Mechanical  Princ^les  of 
Engineering  and  Architecture,  and  in  Rankine's  Applied  Mechanics,  It 
cannot  be  too  strongly  impressed  on  the  student^s  attention  that  the 
study  of  the  higher  branches,  of  mechamcs  can  only  be  attempted  widi 
profit  when  it  is  preceded  by  a  thorough  knowledge  of  the  elements ;  of 
so  much,  for  instance^  as  is  comprised  in  the  first  and  second  courses. 


Text  Books. 

As  text  books  for  the  elementary  and  advanced  courses  the  Mowing 
are  recommended : — 

(a)  .  For  Statics  and  Dynamics : 

Mechanics  for  Beginners,  by  I.  Todhunter,  18mo.,  4*.  6d. 

(London,  Macmillan,  1867.) 
Elementary  Statics  and  Dynamics,  by  H.  Goodwin,  12mo.,  6#. 

(London,  Bell  and  DsldyJ 
Elementary  Introduction  to  Practical  Mechanics,  by  J.  F.  Twisden, 
8vo.,  10^.  6d,  (London,  Longman.) 

(b)  .  For  Hydrostatics  and  Pneumatics  : — 

Manual  of  Hydrostatics,  by  J.  A.  Galbraith  and  S.  Haughton,  12mo., 
2s.  (London^  Longman.) 

Elementary  Hydrostatics,hj  W.  H.  Besant,  12mo.,  4s. 

(London,  Bell  and  Dsldj.) 


It  will,  of  course,  be  understood  that  tiie  student  will  in  most  < 
find  it  best  to  master  one  text  book  in  each  subject,  and  then,  if  he  find 
It  necessflo^,  refer  to  others  for  information  on  particular  points.  Be 
-will  £md  it  mstructive  to  read  attentively  the  parts  of  either  of  the  foUow- 
ing  books  which  treat  of  the  present  subject : — 

An  Introduction  to  the  study  of  Natural  Philosophy,  by  C.  Brooke, 
12mo.,  I2s.  6d.  (London,  Chaiclull) 

GanoVs  Experimental  and  Applied  Physics^  translated  by  £.  Atkinson, 
8vo.,  \5s.  (London,  Longman,  3rd  ed.,  1868.) 

.  For  the  course  for  the  honour  examination  the  following  worU  may 
be  recommended : — 

'   Analytical  Statics  with  numerous  examples,  by  I.  Todhunter,  8vo., 
105.  6d.  (London,  Macmillan,  3rd  ed.,  1866.) 

^Dynamics  of  a  System  of  Rigid  Bodies,  by  E.  J.  Routh,  Bvo.,  lOi.  6d 

(London,  Macmillsn,  1860^ 
Treatise  on  the  Motion  of  a  Rigid  Body,  by  W.  N.  Griffin,  8vo.,6s.6fl. 

(London,  Parker  and  Son,  18474 
Treatise  on  Hydro  Mechanics,  by  W.  H.  Besant,  8vo.,  lOs.  ed. 

(London,  BeU  and  Daldy,  2nd  ed.,  1868.) 
Elements  of  Hydrostatics  and  Hydrodynamics,  by  W.  H.  Milkr«dvv<f 
6s.  (Cambridge,  Deighton,  4th  ed.,  1850.) 

The  student's  attention  will  in  the  first  place  be  mainly  diieeted  is 
•I3ie  above  text  books,  but  it  wiU  be  a  ^preat  advantage  to  him  to  be 
able  to  consult  some  or  all  of  the  foUowuig  works,  and  to  stndy  pirt> 
of  them,  viz. 

*  -  Lectures  on  Natural  Philosophy,  by  Thomas  Young. 
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*  Po/y/wAm^iw,  par  J.  Jamin,  3  vols.. 

8vo.,  1/.  ^s.  ed.  (Paris,  Mallet-Bachelier,  2nd  ed,) 

^^f'f*;  ^  iVatero/  P*ttoopAy,  by  W.  Thompson  and  P.  G.  Tait 

VoL  I.,  8vo.,  24*.  (Oxford  ) 

Fomsofs  EUment  de  Statique,  Svo.,  1  vol. 
PoiuoH  TraUi  de  M^canique,  Svo.,  2  vols. 
Poncelet,  Introduction  h  la  Mechanical  Industrielle,  Svo.,  1  vol. 
Notions  fondrnientales  de  Micanique  et  donnas  d'esBo&ience,  par 

A.  Moriii,  6  plates,  Svo.  (Paris,  Hachette,  1860.) 

Meehamcal  Prtnctples  of  Engineering  and  Architecture,  by  H.  Moseley, 

Svo.,  24*.  (London,  Longman.) 

Manual  ofAppUed  Mechanics,  by  W.  J.  M.  Rankine,  12*.  6rf. 
^       .  (London,  GriflSn.) 

Collectum  of  Problems  in  illustration  of  the  Principles  of  Theoretical 

Mechatdcs,  by  W.  Watton,  Svo.  (Cambridge.) 


SUBJECT  VIL-MECHANICS  A8  AN  ART  OR  APPLIED 
MECHANICS. 

NOTB.— Tft«  Steam  Engine  is  treated  as  a  fecial  subject,    {See  Subject 
XXIL,  p.  137.) 

The  subject  of  applied  mechanics  is  here  assumed  to  be  the  application 
erf  mechanical  jMosophy  by  the  aid  of  mechanical  art.  That  there  are 
certain  mechanical  principles  existing  in  nature  which  are  turned  tQ 
j^actical  account  by  means  of  differently  constructed  mechanical  oon- 
trivances  in  order  to  accomplish  a  definite  object. 

This  subject  therefore  embraces,  first,  the  natural  laws  or  principles 
tiiftt  have  to  be  applied,  and  secondly,  the  means  employed  for  their 
application.  The  mechanical  means  or  appliances  that  are  thus  employed 
cover  a  wide  field,  and  in  the  most  limited  sense  include  the  nature  and 
chief  characteristics  of  the  materials  that  are  used  in  mechanical  opera* 
iions  to  be  fashioned  into  the  required  forms.  The  arranging  and 
oombiiung  of  ttiese  fcmns  into  a  structure,  in  such  a  manner  tiiat 
on  the  appHoation  of  force  certain  definite  results  will  be  obtained 
thereby.  - 

¥tom  the  foregoing  definition  it  will  be  seen  that  applied  mechanics 
has  a  two-fold  character,  a  mechanical  art  and  scientific  principles.  The 
first  is  chiefly  founded  on  a  long  accumulation  of  &cts  originating  in 
tiie  workshop ;  this  practical  part  will  be  foimd  the  most  difficult  to 
teadi,  because  few  books  have  been  written  on  the  subject,  and  there  is 
no  book  which  treats  the  subject  as  a  whole.  On  the  scientific  principles 
there  are  manv  books,  but  the  greater  number  are  too  mathematical  for 
the  class  of  elementary  students  at  the  present  time.  If  such  books 
however  are  studied  by  the  teachers,  they  will  be  able  to  explain  the 
nature  of  the  laws  upon  which  facts  depend.  The  teachers  are  recom- 
mended to  read  the  Cantor  Lectures  on  Applied  Mechanics  given  at  the 
Society  of  Arts  in  1869. 

Thia  syllabus  is  arranged  for  three  classes  of  candidates ;  the  firat  is 
ekmentuy  in  its  character,  and  may  be  considered  as  a  stepping-stone 
to  tiie  second  or  more  advanced  class ;  it  is  intended  for  the  gmdanoe 
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of  the  first  or  elementary  class  of  candidates,  who  will  be  expected  to 
have  a  fair  knowledge  of  most  of  the  branches  enumerated,  and  to  be 
able  to  give  a  precise  and  satis&ctoiy  answer  on  any  of  them,  or  to 
make  clear  well-drawn  hand  sketches  where  such  may  be  neoessaiy  for 
explanation. 

The  second  part  is  intended  for  those  in  the  more  advanced  class,  who 
will  be  expected  to  have  a  thorough  knowledge  of  all  the  sulyects  re* 
ferred  to  in  the  syllabus  for  the  elementaiy  dass,  and,  in  adaition,  to 
have  a  fair  understanding  of  the  application  of  the  principles  in  actoal 
practice. 

The  third  part  is  intended  for  candidates  coming  forward  for  Honours 
examination,"  who  will  be  expected  to  have  a  complete  knowledge  of 
the  questions  referred  to  in  the  two  former  parts  of  tne  syllabus,  and,  in 
addition,  to  have  some  acquaintance  with  the  higher  tneoretiGal  prin- 
ciples that  are  required  for  the  close  investigation  of  the  foregoing  or 
more  practical  part  of  the  subject. 

As  the  chief  object  of  these  examinations  is  to  foster  the  education  of 
young  men  for  the  practical  duties  of  life  in  connexion  with  the  engi- 
neering and  manufacturing  industries  of  the  kingdom,  it  is  intended 
that  the  examination  in  applied  mechanics  shall  be  in  accordance  there- 
with 80  far  as  may  be  practicable. 


First  Stage,  or  Elbmsktart  Course. 

Candidates  for  the  first  course  will  require  to  have  a  fair  knowledge 
of  the  more  common  materials  that  are  emplo^red  in  the  arts,  and  like- 
-wise  some  acquaintance  with  the  general  principles  of  the  processes 
by  which  they  are  severally  changed  in  their  condition  and  fonn,  in 
order  to  adapt  them  for  practical  ptirpoees. 

The  students  should  nave  explained  to  them  the  leading  principles 
that  determine  strength  as  derived  firom  the  form  or  shape  of  a  bean, 
pillar,  &c. ;  this  will  greatly  fiacilitate  the  after  teaching. 

They  should  be  familiar  with  the  several  mechanical  powers,  and  the 
oombination  of  these  powers  into  simple  machines. 

They  should  know  the  nature  of  the  various  mechanical  oontrivanoeB 
that  have  been  designed  for  changing  the  condition,  direction,  or  rate 
of  motion,  as  well  as  the  means  employed  for  its  regulation  by  fly- 
wheels,  governors,  and  such  like.  This  division  will  embrace  toothed 
gear  shafting,  cams,  fast  and  loose  pullies,  endless  bands,  and  all  such 
Itp^iances. 

The  elementary  students  ought  to  be  well  grounded  in  the  laws 
which  govern  matter  in  motion,  viz.,  force,  energv,  momentum,  &C., 
and  especially  in  the  nature  of  mechanical  *' work,'' which  they  ought 
to  be  aole  to  apply  to  all  the  ordinary  purposes  of  mechanical  operations, 
■  and  to  work  out  in  arithmetic. 

They  should  know  the  laws  of  friction,  and  be  made  acquainted  with 
the  various  means  that  are  resorted  to  in  order  to  modify  its  effect  in 
mechanical  apparatus. 


Second  Stage,  or  advanced  Course. 

Candidates  in  the  second  stage,  or  advanced  coarse,  should  bars  a 
thorough  knowledge  of  all  the  subjects  laid  down  fbr  the  elementaiy  stage, 
and  m  addition  should  be  weD  grounded  in  the  strength  of  materiab, 

Digitized  by  GoOglC 


SUB,  VU. — ^MECHANICS  AS  AN  ART,  &C. 


and  the  reasons  that  determine  the  selection  of  certain  materials  for  par- 
ticular purposes,  and  have  clearly  pointed  out  to  them  the  respective 
advantages  and  disadvantages  as  due  to  their  several  characteristics. 

They  should  understand  and  be  able  to  describe  all  kinds  of  com- 
mon machinerjj  such  as  cranes,  machines  for  weighing,  a  com  mill, 
a  dock,  a  coffee  miU,  or  other  fainiliar  apparatus. 

The  candidates  should  have  explained  to  them  the  nature  of  a  flat 
flwfisce  or  perfect  plane,  likewise  of  a  true  circle,  and  correct  measure- 
ment, and  the  means  by  which  such  conditions  are  obtained. 

They  should  be  acquainted  with  the  natiural  laws  that  govern  fluids, 
such  as  air  and  water,  and  the  diffierent  kinds  of  apparatus  that  have 
been  contrived  in  order  to  apply  those  fluids  to  the  various  purposes  of 
civilization.  This  division  will  include  water-wheels,  turbines,  water 
engines,  hydraulic  apparatus  in  its  various  applications  to  pumping, 
pressing,  cranes,  &c.,  air  blowing,  bellows,  fan.  Roots  blower,  air  com- 
pressing and  exhausting  apparatus,  and  the  usual  operations  to  which 
th^  are  severally  applied. 

They  should  know  the  general  principles  of  mechanical  construction 
in  the  engineering  workshops,  and  the  operations  in  connexion  there- 
with, both  of  the  foundry  and  smithery ;  likewise  the  principles  upon 
which  the  various  tools  and  implements  depend  for  their  efficacy. 

They  should  have  some  acquaintance  with  the  leading  manufactures  of 
the  country,  such  as  iron  and  steel,  cotton,  paper,  and  printing,  and  be 
able  to  give  a  fair  description  of  the  several  processes,  as  wdl  as  the 
principles  upon  which  tiiey  depend. 


Examination  for  Honours. 

The  foregoing  syllabus  will  sufficiently  indicate  the  nature  of  subjects , 
that  will  form  the  basis  for  the  Examination  in  Honours  in  Applied 
Mechanics.  It  will  be  expected,  however,  that  the  candidate,  in  addition 
to  being  able  to  give  an  intelligent  answer  io  the  various  questions,  and ' 
to  make  hand  sketches  of  such  parts  as  may  be  required,  shaJl  be 
thoroughly  grounded  in  the  laws  of  nature,  so  far  as  the;^  relate  to  the 
philosophicid  and  mathematical  prindplea  on  which  the  various  branches 
of  apphed  mechanics  are  founded,  ana  the  candidate  should  not  only  be 
familiar  with  the  formulae,  but  should  be  able  to  refer  back  to  the  data> 
from  which  they  are  derived. 

The  following  books  are  recommended  for  the  study  of  the  elementary 
daas  of  students : — 

Exercises  on  Mechanics  and  Natural  Philosophy,  by  Thomas  Tate. 

(Lonfipnan.) 

Elements  of  Mechanism,  by  T.  Baker,  C.E.  (Weale's  Series.) 

Ewdimentary  and  Elementary  Principles  of  the  Construction  and  of  the 
Working  of  Machinery,  by  C.  D.  Abel,  C.E.         (Weale's  Series.) 

For  the  advanced  class  the  following  books  are  recommended • 

Elements  of  Mechanism,  by  T.  M.  Goodeve.   New  edition. 

The  Power  of  Water,  by  Joseph  Glynn,  F.R.S.         (Weale's  Series.) 

Vsefui  Iftformationfor  Engineers,  by  Sir  W.  Fairbaim,  Bart. 

Milk  and  MiUwork,  by  Sir  W.  Fairbaim,  Bart. 

Ganot's  Elementary  'treatise  on  Physics* 
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Students  for  honours  should  read : — 

Enquiry  and  Experiments  on  the  Strength  qf  Wrought'iron  and  Sttel, 

by  D.  Kirkalcly. 
Dreatise  on  the  Strength  of  Materials,  by  Peter  Barlow. 
Machinery  and  MUltoork,  by  Professor  Rankine. 

The  following  are  books  of  reference  for  all  classes  of  students : — 

Turning  and  Mechanical  Manipulation,  by  C.  Holtzapfiel. 
Engineer  and  Machinist's  Assistant,  (Blackie.) 
Usrful  Metals  and  their  Alloys.  (Hoiilston.) 
Moulder's  and  Founder's  Pocket  Guide,  by  F.  Overman. 
On  the  Management  of  Steel,  by  G.  Ede. 


SUBJECT  VIII.— ACOUSTICS,  LIGHT  AND  HEAT. 


First  Stage  or  Elementary  Course. 
Questions  will  be  confined  to  the  following  subjects  :— 
Acoustics. 

The  pupil  ought  to  have  a  perfectly  clear  notion  of  the  manner  in 
which  a  wave  is  propagated. 

He  ought  to  know  what  is  meant  by  the  terms  density  and  elastidtf 
as  applied  to  air  and  other  bodies,  and  how  heat  and  cold  aifect  the 
density  and  elasticity  of  air. 

He  ought  to  be  able  to  describe  simple  experiments  to  prove  that  air 
possesses  both  weight  and  elasticity.  He  ought  to  understand  the  law 
of  Marriotte^  the  construction  and  use  of  the  air  pump,  and  what  occun 
when  a  sounding  body  is  pkced  in  a  space  from  which  the  air  has  been 
withdrawn. 

He  ought  to  be  taught  to  see  the  play  of  elasticity  in  the  propar 
gation  of  a  sonorous  wave  through  air,  and  to  have  a  dear  mental  unaffe 
of  the  condensation  and  rarefeustion  which  make  up  such  a  wave,  fle 
must,  of  course,  be  able  to  distin^sh  between  the  motion  of  a  ynn 
and  the  motion  of  the  particles  which  at  any  moment  fbrm  tiie  wave. 

He  ought  to  know  how  the  velocity  of  a  wave  is  affected  by  a  change 
of  density,  by  a  change  of  elasticity,  or  by  a  change  of  both. 

He  ought  to  know  the  velocity  of  sound  in  air  of  the  freenxig  tem- 
perature, and  also  the  amount  of  augmentation  of  velocity  for  eroy 
degree  of  the  thermometer.  The  temperature  of  the  air  being  giTcn,  he 
ought  to  be  able  to  calculate  the  velocity  of  sound  throu^it,  and  ^ 
velocity  of  sound  being  given  he  oiight  to  be  able  to  calculate  the 
temperature  of  the  air. 

No  doubt  or  confusion  must  rest  within  his  mind  rmrding  the 
m^nmg  of  the  terms  velocity,  intensUy,  and  ampUtude.  He  oaAi  also 
to  know  the  reUtion  of  the  two  last  to  each  other^. 
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He  ought  to  know  the  laws  of  the  reflection  of  sound  by  tubes  and 
mirrors,  and  to  be  able  to  apply  his  knowledge  to  the  explanation  of 
echoes. 

The  law  of  inverse  squares  as  applied  to  sound,  ought  also  to  be 
explained  to  the  pupil. 

He  ought  to  be  able  to  figure  mentally  the  propagation  of  a  sound- 
wave through  solids  and  liquids  as  clearly  as  through  air;  to  know  the 
velocity  of  sound  through  water,  and  to  be  able  to  infer  from  this  tho 
relation  of  the  density  of  the  liquid  to  its  elasticity. 

He  ought  to  know  how  the  velocity  of  sound  through  air  has  been 
determined,  and  to  be  weU  exercised  in  the  calculation  of  distances  by 
means  of  light  and  sound. 

The  pupil  ought  to  know  the  physical  difference  between  music  and 


the  intensit]^  of  musical  sounds  depend.  He  ought  also  to  oe  able  to 
describe  various  methods  of  producing  musical  sounds. 

He  ought  to  have  clear  ideas  of  the  length  of  a  wave,  and  of  the  time 
of  a  vibration.  The  length  of  a  wave  at  a  definite  temperature  being 
Ipven  he  ou^ht  to  be  able  to  calculate  the  time  of  a  vibration,  and  the 
time  of  a  vibration  being  given  he  ought  to  be  able  to  calculate  the 
length  of  the  wave. 

He  ought  to  be  able  to  describe  a. method  of  determining  from  the 
pitch  of  a  sound  the  number  of  vibrations  per  second  which  produce  it. 

He  ought  to  know  the  structure  of  the  drum  of  the  ear,  including  the 
membranes  that  dose  it,  and  the  bones  that  cross  it. 

He  ought  to  know  the  laws  of  the  vibration  of  strings,  and  to  under- 
stand the  use  of  sound  boards  in  stringed  instruments. 

He  must  have  a  clear  notion  of  the  formation  of  nodes  upon  a  string, 
by  the  coalescence  of  direct  and  reflected  waves. 

He  ought  also  to  know  the  laws  of  vibration  of  columns  of  air  in  both 
•otopped  and  open  pipes.  The  exact  condition  of  the  aur  when  the  fundar- 
mental  notes  of  each  class  of  pipes  is  sounded,  ought  to  be  clearly  present 
in  the  pupil's  mind. 

The  cause  of  beats  in  music 'Ought  also  to  be  explained  to  the  pupil, 
and  he  ought  to  know  the  range  of  the  human  ear  for  musical  sounds. 


Before  entering  upon  the  subject  of  light,  the  teacher  will  have  been 
careful  to  make  ms  pupil  perfectly  faniiliar  with  the  conception  of  waves 
of  sound  impinging  upon  the  tympanic  membrane,  and  the  transmission 
of  the  tremor  thus  produced  to  the  auditory  nerve.  He  need  not  attempt 
to  enter  upon  the  aetails  of  this  transference  to  the  nerve,  but  up  to  tl^ 
tympanic  membrane,  and  including  it,  the  idea  formed  by  the  pupil  of 
sound  waves  and  iheir  action  must  he  perfectly  distinct.  In  all  cases  an 
image  must  exbt  correspondijig  to  the  teacher's  words. 

He  must  understand  that  the  sensation  of  light  is  caused  by  some* 
thing  that  hits  the  optic  nerve.  That  this  something,  whatever  it  be, 
passes  through  the  humours  of  the  eye  to  reach  the  nerve  behind.  The 
conception  5  light  known  as  the  emission  theory  can  afterwards  be 
made  clear  to  the  pupil.  According  to  this  theory  a  ray  of  light  would 
be  a  train  of  these  particles. 


conditions  on  which  the  pitch  and 


Digitized  by 


Google 


80  SUB.  Vin, — ^ACOUSTICS^  LIGHT  AND  HEAT. 

That  a  ray  of  light  proceeds  in  a  straight  line  most  be  made  known  to 
the  pupil.  In  connection  with  this  point  the  inversion  of  objecU  bj  nyt 
passing  through  small  apertures  must  be  explained. 

The  mode  of  determining  the  velocity  of  light  by  the  eclipses  of 
Jupiter's  satellites  must  be  explained  to  the  pupil. 

The  law  of  inverse  squares  must  be  illustrated. 

The  cause  of  shadows  and  penumbne  must  be  expluned. 

The  mode  of  detennining  the  relative  intensities  of  two  lights  by 
means  of  the  "  shadow  test'*  must  be  explained. 

The  reflection  of  light  from  plane  mizrors  must  be  explained. 

The  pupil's  attention  must  be  drawn  to  the  lateral  inversion  of  objects 
by  plane  mirrors.  He  must  know  how  the  distance  of  an  image 
behind  a  looking  glass  is  affected  by  a  change  of  position  of  the  glass 
in  a  direction  perpendicular  to  its  own  planes. 

The  relation  between  the  angular  velocity  of  a  reflected  ray  and  the 
mirror  that  reflects  it  must  be  explained  to  the  OYipil.  The  multiplica- 
tion of  images  by  angular  mirrors  ought  also  to  be  explained,  and  from 
it  the  appearances  of  the  kaleidoscope  rendered  intelligible. 

The  formation  of  images  by  a  concave  spherical  mirror  ought  to  be 
explained  to  the  pupil.  The  axis,  principal  focus,  and  centre  of  the 
mirror  are  to  be  pointed  out.  Beginning  with  a  luminous  point  placed 
beyond  the  centre,  and  upon  the  axis,  the  successive  positions  of  the 
image  of  this  point  during  its  motion  tlonf  the  axis  from  a  great 
distance  through  the  centre  thr6uffh  the  pnncipal  focus,  up  to  the 
surface  of  the  mirror  itself  must  be  aeterminable  by  the  pupil.  He  will 
then  be  taught  to  determine  the  position  of  the  images  of  points  not 
placed  on  the  axis.  Objects  of  sensible  dimensions,  such  as  the  pupils 
4>wn  body,  must  then  be  substituted  for  points.  (The  teacher  will  avail 
himself  of  such  simple  apparatus  as  he  can  command  in  the  explanations 
here  referred  to ;  a  silver  spoon,  if  he  possesses  nothing  better,  will  be 
useful.) 

Real  and  virtual  foci  are  to  be  defined. 

The  "  aberration  "  of  a  large  spherical  mirror  must  be  explained. 

The  refraction  of  light  must  be  explained.  By  means  of  a  simple  geo* 
metrical  construction  the  meaning  of  the  **  index  of  refraction  "  may  be 
explained  to  the  pupil  without  the  introduction  of  the  term  **  sine." 

It  must  be  clearly  explained  that  an  ot^ject  looked  at  with  a  single 
eye  appears  more  near  the  greater  the  diver^ence^  is  of  the  rays  which 
reach  the  eye  from  the  various  points  of  the  object.  From  this  it  will 
be  inferred  that  a  lake  or  river,  the  bottom  of  which  is  visible,  appears 
more  shallow  than  it  really  is. 

Various  simple,  but  instructive  illustrations  of  the  effects  of  refraction  * 
wiQ  occur  to  the  teacher,  such,  for  example,  as  the  rendering  of  a  coin 
visible  by  pouring  water  into  a  basin,  and  the  apparent  bending  of  a 
straight  stick  thrust  obliquely  into  water. 

The  circumstances  under  which  total  reflection  occurs  must  be  clearly 
explained  to  the  pupil. 

The  power  and  action  of  lenses  must  be  explained ;  the  teacher  will 
define  the  principal  focus  of  a  lens.  As  in  the  case  of  a  sphericsl 
mirror,  he  will  begin  with  a  luminous  point,  determining  the  postioa 
and  character  of  its  image,  while  it  moves  from  a  great  distance  up  to 
the  lens  itself.  He  will  pass  from  points  to  objects  of  sensible  dimen- 
sions, and  show  how  the  position  of  the  image  of  every  point  of  such 
object  may  be  determined. 

Here  also  real  and  virtual  foci  are  to  be  explained. 

The  explanation  of  the  magic  lantern  is  then  to  be  introduced. 
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It  would  add  much  to  the  efficiency  of  the  instraction  if  the  teacher 
would  illustrate  the  points  here  referred  to  by  common  spectacle  lenseSj 
provided  he  has  nothing  better. 

The  pupil  in  the  first  class  is  also  in  a  oondition  to  know  what  is 
meant  by  the  suherical  aberration  of  a  lens. 

He  must  understand  the  optical  structure  of  the  eye,  be  able  to  give 
a  dear  account  of  the  conditions  of  distinct  vision,  and  of  the  causes 
and  remedies  of  long  and  short  sight. 

He  ought  to  be  acquainted  with  the  fact  that  impressions  persist 
upon  the  retina,  and  to  Know  what  is  meant  by  irradiation. 

He  ought  to  know  the  principles  of  binocular  vision,  and  to  dearly 
comprehend  how  the  impression  of  solidity  is  produced  by  the 
stereoflcope. 

He  ought  to  be  made  acquainted  with  the  composite  character  of 
white  light ;  and  to  be  able  to  describe  an  experiment  by  which  such 
light  may  be  resolved  into  its  coloured  constituents. 

He  ought  to  understand  the  doctrine  of  colours  as  far  as  thqr  are 
produced  by  absorption. 

And  he  ou^ht  to  understand  the  meaning  of  chromatic  aberration. 

Finally,  it  is  to  be  stated  to  the  pupil  that  according  to  our  best 
knowledge  the  sensation  of  light  is  not  produced  by  the  impact  of  little 
partides  darted  out  from  luminous  booies ;  but  that  it  is  caused  in  a 
manner  somewhat  similar  to  the  sensation  of  sound,  namdy,  by  the 
successive  shocks  of  minute  waves  against  the  retina. 


Heat. 

The  pupil  should  know  the  general  efPect  of  heat  upon  the  volumes 
of  bodies,  and  should  be  able  to  describe  experiments  itlustrative  of  the 
expansion  of  solids  bv  heat.  He  ought  also  to  have  an  idea  of  the  almost 
irresistible  force  of  this  expansion. 

He  ought  to  understana  with  perfect  deamess  what  is  meant  by  the 
coeMcient  of  expansion,  linear,  superficial,  and  cubical. 

He  ought  to  know  by  heart  the  coefficients  of  expansion  of  gold, 
silver,  platinum,  iron,  and  glass ;  and  the  reason  why  it  is  possible  to 
fuse  platinum  wire  into  glass  wi^out  fracture  on  coohng. 

He  ought  to  know  the  principle  of  Breguet's  metallic  thermometer, 
and  to  be  made  acquainted  with  some  of  the  precautions  which  changes 
of  volume  by  heat  and  cold  render  necessary  in  the  arts. 

He  ought  to  be  able  to  describe  and  explain  the  gridiron  pendulum. 

He  must  be  able  to  describe  the  construction  ana  explain  the  use  of 
of  the  mercurial  thermometer ;  the  scales  of  Fahrenheit,  Celsius,  and 
Reaumur  must  be  known  to  him,  and  he  must  be  able  to  convert  im« 
xnediatefy  the  readings  of  any  one  of  them  into  those  of  the  otiier. 

The  dependence  or  the  boiling  point  of  water  upon  external  pressure 
ought  to  be  known,  and  the  pupil  must  be  able  to  give  illustrations  of 
this  dependence. 

He  ought  to  know  by  heart  the  ooeffidents  of  expansion  of  water, 
alcohol,  and  mercury. 

The  pupU  must  be  well  acquainted  with  what  is  called  the  maximum 
density  of  water,  to  state  at  what  temperature  it  occurs,  and  to  point  out 
its  effects  in  nature. 

He  ought  to  be  acquunted  with  the  change  of  volume  which  occurs 
when  water  passes  from  the  liquid  to  the  solid  state,  and  to  apply  his 
knowledge  to  the  bursting  of  water-pipes  in  firosty  weather.  He  ought 
to  be  acquainted  with  the  fact  that  expansion  on  solidification  is  not  a 
property  peculiar  to  water. 
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He  ought  to  be  able  to  describe  experiments  which  shall  illnttiate  the 
expansion  of  gases.  The  principle  and  action  of  the  fire-balloon  ooglit 
to  DC  explained  to  the  pupU. 

The  general  principles  of  ventilation  ought  also  to  be  known  to  him, 
and  also  the  sun's  action  in  the  generation  of  winds.  He  ought  to  be 
able  to  explain  the  Trade  Winds. 

The  constancy  of  the  coefficient  of  expansion  of  gases  ought  to  be 
pointed  out,  with  the  small  deviations  mm  the  general  rule  eidiibited 
by  carbonic  and  sulphurous  acids.  The  chemical  and  physical  chancter 
or  these  gases  ought  to  be  known  to  the  pupil. 

He  ought  to  know  the  constitution,  chemical  and  physical,  of  aqueous 
vapour,  and  how  it  is  diffiised  in  the  atmosphere.  He  ought  to  know 
the  meaning  of  the  term  saturated  as  applied  to  air  charged  with  vapour. 

The  ^ect  of  expansion  in  chilling  air  ought  to  be  known  to  the  pupil, 
and  also  the  condensation  of  the  aqueous  vapour  diffused  thiougn  the 
air  in  consequence  of  such  a  chill. 

He  ought  to  be  able  to  see  the  application  of  this  knowledge  to  the 
explanation  of  clouds  and  rain. 

He  ought  to  have  a  perfectly  clear  idea  of  what  is  meant  by  tpee^ 
heat  or  capacity  for  heat,  and  to  be  able  to  describe  the  calorimeter  of 
Lavoisier  and  Laplace.  He  ought  to  know  by  heart  the  specific  heate  of 
water,  alcohol,  mercury,  iron,  and  lead ;  and  to  be  made  aware  of  tiit 
influence  which  the  high  spedfio  heat  of  water  exercises  upon  elimate. 

He  ought  also  to  be  intimately  acquainted  with  the  facts  covered  by 
the  term  latent  heat.  Taking  a  block  of  ice  at  a  temperature  below  the 
freezing  point,  he  ought  to  be  able  to  describe  with  perfect  accuracy  what 
occurs  when  the  temperature  of  the  substance  is  raised  until  it  liquifies, 
boils,  and  is  converted  into  vapour. 

The  latent  heat  of  water,  as  expressed  on  the  Fahrenheit  and  oenfti- 
grade  scales,  ought  to  be  in  the  pupil's  memory. 

The  cold  of  evaporation  and  its  meet  in  freezing  water  in  theciyopho- 
rus  ought  to  be  known  to  the  pupil. 

He  ought  to  be  exercised  in  calculations  on  the  changes  of  tempera- 
ture due  to  the  mixture  of  steam  and  water  in  various  proportions. 

The  pupil  ought  to  know  what  is  meant  by  the  conduction  of  heat,  and 
must  be  able  clearly  to  distinguish  it  from  the  distribution  of  haXhs 
convection.  He  ought  to  know  by  heart  the  numbers  expressing  the 
relative  conductivity  of  gold,  silver,  copper,  iron,  and  lead. 

He  ought  to  be  acquainted  with  the  low  power  of  conduction  of  oiguiie 
substances ;  to  know  the  effect  of  mechanical  texture  on  the  transmission 
of  heat,  and  to  explain  the  function  of  clothes  in  preserving  the  body 
from  cold. 

He  ought  to  be  acquainted  with  the  character  and  phenomeoa  of 
oombustion ;  to  be  able  to  explain  the  chemical  actions  which  occur  in 
the  combustion  of  coal  and  of  ordinary  gas,  and  to  explain  the  manner 
in  which  a  candle  flame  receives  its  supply  of  combustible  matter. 

The  combustion  of  the  diamond  and  Newton's  prediction  regarding 
it  ought  to  be  known  to  the  pupil.  That  animal  heat  is  due  to  slov 
oombustion  ought  also  to  be  made  known. 

The  structure  of  an  ordinary  gas  flame  ought  to  be  pointed  out, 
and  the  cause  of  the  difference  between  this  flame  and  that  of  a  Bunsen's 
burner  explamed. 

llie  pupil  must  be  acquainted  with  the  general  phenomena  of  raditat 
heat.  The  similarity  between  the  phenomena  of  radiant  heat  and  those 
of  light,  as  regards  reflection  and  refraction,  ought  to  be  known  to  the 
pupu. 

The  different  powers  possessed  by  different  substances  to  radiate  heat 
ought  to  be  pointed  out,  and  this  knowledge  ought  to  be  applied  in 
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ezpkiniiig  the  strikiiiff  fact  that  the  cooling  of  a  yessel  may,  under 
certain  circumstances,  be  hastened  bv  surrounding  it  with  flannel. 
'  The  reciprocity  of  radiation  and  absorption  ought  to  be  known  to  the 
pupil. 

He  ought  also  to  know  what  is  meant  by  the  term  diathermancy,  and 
to  be  able  to  point  how  this  property  is  majiifested  by  different  b<Miies. 


Second  Stags  or  Advanced  Course. 

Questions  may  be  set  in  all  Subjects  enumerated  under  the  Elementary 
SUgeg  and  in  addition  on  the  following  topics : — 

AamsHcs, 

The  second  course  in  acoustics  includes  an  intimate  knowledge  of 
an  the  subjects  mentioned  in  the  first.  In  addition  to  this  a  knowledge 
of  iSie  following  subjects  will  be  required : — 

The  augmentation  of  the  velocity  of  propagation  of  a  wave  of  sound 
ttirough  air  by  the  condensation  and  rarenction  of  the  sound  wave 
itself. 

Harmonic  tones,  their  generation  and  their  function  in  music. 
The  laws  which  regulate  the  transverse  vibrations  of  rods. 
The  vibrations  possible  to  a  tuning  fork,  a  disk,  and  a  bell. 
The  formation  of  Chladni's  figures. 

The  laws  which  regulate  the  longitudinal  vibrations  of  strings  and 
rods.  By  a  comparison  of  the  notes  emitted  by  a  rod  and  a  column  of 
air  the  pupil  ought  to  be  able  to  determine  the  relative  velocities  of 
sound  tnrou^h  both  substances. 

The  conditions  and  cause  of  resonance  ought  to  be  known  to  the 
pupil. 

de  ought  also  to  know  how  sounds  are  produced  by  the  vocal  organs 
of  man,  and  to  see  clearly  the  similarity  between  such  sounds  and 
those  of  the  syren.  As  a  case  of  the  same  kind,  the  construction  and 
explanation  of  the  Eolian  harp  ought  also  to  be  known  to  the  pupil. 

He  ought  to  be  well  acquainted  TKdth  the  principles  of  interference  as 
applied  to  sound. 

He  ought  to  be  ao<^uainted  with  the  principles  of  harmony,  to  know 
the  ratios  of  the  vibrations  conresponding  to  the  notes  of  the  gamut,  to 
be  able  to  give  a  clear  account  of  the  besring  of  interference  upon  the 
question  of  consonance  or  dissonance,  and  to  explain  whv  those  ratios 
which  are  represented  by  small  whole  numbers  ooireepond  to  the  most 
perfect  harmony. 

Light. 

The  candidate  in  the  second  course  must  be  intimately  acquainted 
with  all  the  sulgects  mentioned  in  the  first. 

He  must  be  able  to  apply  his  knowledge  of  total  reflection  to  the 
explanation  of  the  mirage  of  the  desert. 

He  must  be  able  to  describe  experiments  by  which  white  light  may  be 
produced  by  the  admixture  of  its  constituents. 

He  must  know  what  is  meant  by  achromatim. 

He  must  be  able  to  give  a  dear  description  of  the  undulatory  theory, 
and  to  state  how  the  colours  of  the  spectrum  are  accounted  for  by  that 
theory. 

He  must  be  able  to  define  a  ray  of  light  in  accordance  with  the 
undulatory  theory. 
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He  must  be  able  to  show  how  the  Teflection  and  refraction  of  light 
occur  according  to  the  undulatoiy  theory. 

He  must  be  able  to  describe  we  appearances  presented  when  incan- 
descent metallic  vapours  are  analysed  dj  the  prism.  Especially  must  he 
be  able  to  state  what  occurs  when  a  sodium  flame  is  thus  analysed. 

He  must  also  be  able  to  state  what  occurs  when  white  light  ia  tnns- 
xnitted  throuffh  a  sodium  flame,  and  he  must  be  able  to  describe  an 
experiment  which  sball  render  manifest  what  occurs. 

He  must  be  able  to  state  generally  the  relation  that  subsists  between 
radiation  and  absorption  by  gases  and  vapours. 

1  he  lines  of  Fraunhofer  must  be  known  to  the  pupil,  and  from  this 
knowledge  in  coi^unction  with  the  knowledge  demanded  by  the  fore- 
going paragraphs,  he  must  be  able  to  infer  the  probable  oonstittttion  of 
tiie  sun. 

The  pupil  ought  also  to  know:  the  principles  of  interference  as  applied 
to  light. 

He  ought  to  be  able,  in  accordance  witli  these  principles,  to  account 
for  the  colours  of  thin  plates  and  of  striated  surfaces. 

The  general  principles  of  dil&action  ought  to  be  known  to  the  pupil. 

He  ought  to  know  what  is  meant  by  plane  polarised  light;  to 
describe  the  act  of  polarisation  in  the  language  of  the  unduUtory  tibeoiy. 

He  ought  to  know  what  occurs  when  a  beam  of  light  ia  transmitted 
through  a  crystal  of  Iceland  spar;  and  to  describe  the  state  of  the 
emergent  light  as  regards  polarisation. 

He  ought  to  be  able  to  describe  the  e£Eects  observed  when  light  is 
transmitted  through  two  plates  of  tourmaline  cut  parallel  to  the  azia 
the  crystal. 

He  ought  to  be  able  to  describe  some  form  of  the  polarisoope,  and 
to  state  and  explain  by  the  principles  of  interference  what  occurs  when 
a  thin  plate  of  selenite  is  placed  between  the  polariser  and  analyser. 

The  candidate  in  the  second  course  must  be  intimately  acquainted 
with  all  the  subjects  introduced  into  the  first. 

He  ought  to  be  able  to  give  a  clear  statement  of  the  meekanieal  theory 
of  heat  as  distinguished  from  the  material  theory. 

He  must  know  what  is  meant  by  the  "  mechanical  equivalent  of  heat." 
and  how  it  has  been  determined. 

He  must  know  what  is  meant  hj  specific  heat  at  constant  volume  and 
at  constant  pressure,  and  to  have  in  his  memory  the  numerical  ratio  of 
the  two  specific  heats. 

He  ought  to  be  able  not  only  to  explain  the  meaning  of  the  diiferenoe 
between  the  two  specific  heats  in  accordance  with  the  mechanical  theory^ 
but  also  to  show  how  from  this  ratio  the  mechanical  equivalent  of  heat 
may  be  determined. 

Uiven  the  weight  and  velocity  of  a  moving  body  he  ought  to  be  able 
to  calculate  the  amount  of  heat  generated  hj  the  stoppage  of  the  motion. 

He  ought  to  be  able  to  apply  the  conceptions  of  the  mechanical  theory 
to  the  phenomena  of  combustion. 

He  ought  also  to  be  able  to  show  the  bearing  of  the  theory  upon  the 
phenomena  of  specific  and  latent  heat. 

Examination  for  Honours. 

The  candidate  for  honours  must  be  intimately  acquainted  with  the 
foregoing  two  courses.  He  must  also  show  himself  practically  acquainted 
with  the  apparatus  employed  in  acoustics^  light,  and  heat. 
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Text  Books. 
The  followinf(  are  recommended  as  tert  books 

T%e  ElemeiUs  of  Natural  Philosophy,  by  C.  Brooke  and  Goldinf^  Bird, 
12mo.,  12*.  6d.  (London,  Churchill,  6th  ed.,  1867.) 

Canot's  experimental  and  Applied  Physics,  translated  by  E.  Atkinson, 
8vo.,  155.  (London,  Longman,  2nd  ed.,  1867.) 

Handbook  of  Natural  Philosophy,  by  D.  Lardner.   4  vols.,  12mo.,  20s. 

(London,  Walton,  1856.) 
Elementary  Treatise  on  Heat,  by  Balfour  Stewart,  12mo.,  78.  6d, 

(London,  Macmillan,  1866. ) 
Heat  a  Mode  of  Motion,  by  J.  Tyndall,  8vo.,  \0s.  6rf. 

(London,  Lonflrman,  3rd  ed.,  1868.) 
A  Course  of  Eight  Lectures  on  Sound,  by  J.Tjrndall,  8iro.,  9^. 

(London,  Lon^an,  1867.) 
Familiar  Lectures  on  Scientific  Subjects,  by  Sir  J.  Herschel. 
Notes  of  a  Course  of  Lectures  on  Light,  by  J.  Tvndall,  Is,  in  printed 
wrapper;  Is.  6d.  in  cloth.  (London,  Longman.) 


SUBJECT  IX.— MAGNETISM  AND  ELECTRICITY. 

First  Stags  or  Elbmentary  Course. 
Magnetismm 

It  is  exceedingly  desirable  that  the  pupil's  ideas  of  the  fundamental 
facts  and  principles  of  magnetism  should  be  as  clear  as  our  knowledge 
and  bis  capacity  can  make  them. 

He  ought  to  be  made  acquainted  with  the  action  of  the  natural  maprnet 
or  loadstone  on  small  pieces  of  iron.  This  is  to  be  mentioned  to  nim 
ma  the  first  fiftct  observed,  but  for  the  explanation  of  which  other  facts 
are  necessary.  The  action  of  two  natimd  magnets  upon  each  other 
ought  to  be  described,  and  through  this  action  a  clear  notion  of  the 
doctrine  of  magnetic  polarity  ought  to  be  conveyed  to  the  pupil's  mind. 

The  power  of  the  natural  magnet  to  confer  its  own  magnetic  properties 
upon  steel,  and  the  action  of  the  natural  magnet  on  the  steel  which  it 
has  magnetised,  ought  to  be  explained. 

The  action  of  two  pieces  of  majs^etised  steel  upon  each  other  ought  to 
be  made  clear,  and  mm  this  action  the  fundamental  law  that  like  poles 
repel  each  other,  and  that  unlike  poles  attract  each  other,  ought  to  be 
deduced. 

The  distribution  of  magnetism  in  a  bar  magnet  ought  to  be  made 
dear.  The  efPect  of  breaking  the  magnet  into  two  halves ;  the  effect  of 
again  breaking  these  halves ;  and  through  foots  of  this  nature,  a  clear 
idea  is  to  be  conveyed  that  each  molecule  of  the  magnet  is  itself  a 
magnet;  the  action  of  the  magnet  as  a  whole  being  the  sum  of  the 
actions  of  its  molecules. 

It  is  of  exceeding  importance  that  the  pupil  should  be  taught  to 
connect  the  facts  of  magnetism  by  means  of  the  provisional  conception 
known  as  the  theory  of  magnetic  fluids.  The  teacner  wiU  assure  himself 
that  a  correct  image  of  this  theory  is  in  the  pupil's  mind.  He  will  at 
the  same  time  be  careful  to  inform  the  pupil  that  the  theory  is  an  image 
merely,  which  enables  him  to  connect  and  dassify  his  facts,  and  that  it 
is  not  a  proved  sdentific  truth. 

The  theory  is  to  be  applied  in  explaining  the  difPerence  between  iron 
and  steel  as  regards  their  power  of  accepting  and  retaining  magnetism. 
The  term  coercive  force  and  all  that  rdates  to  it  will  here  come  under 
leriew* 
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The  theory  is  also  to  be  Applied  in  explaining  the  first  obsenred  facts  of 
magnetism,  including  in  tnem,  and  illustrating  by  them  the  general 
phenomena  of  magnetic  induction,  or  magnetisation  oy  influence.  Etoj 
student  ought  to  have  a  dear  image  of  the  state  of  a  piece  of  iron  acted 
on  by  a  magnet,  and  he  ought  to  be  able  to  explain  why  the  attraction  of 
the  iron  is  a  consequence  of  that  state.  He  ought  clearly  to  see  Uiat 
repulsion  as  well  as  attraction  is  at  work,  the  resultant  attraction  being 
the  difference  of  both. 

He  ought  to  understand  that  when  the  attracting  magnet  is  yery  dis- 
tant, the  difference  between  attraction  and  repulsion  is  so  small  ai 
to  be  imperceptible;  this  knowledge  will  render  it  easy  for  him  to  com- 
prehend why  the  magnetic  poles  of  the  earth  which  give  direcHom  to  a 
magnetic  needle  are  incompetent  to  produce  a  motion  of  translation. 

The  pupil  ought  to  know  the  fiicts  of  terrestrial  magnetism ;  why  it  is 
ihftt  we  consider  the  earth  a  magnet.  It  will  be  possible  to  make  him 
acquainted  with  all  that  is  known  regarding  the  position  of  the  earth's 
magnetic  equator  and  of  the  terrestriid  magnetic  poles. 

The  terms  declination  (yariation),  inclination  (dip),  and  magnetie 
intensity,  ought  to  be  explajned  to  him. 

FHctional  Electricity. 

Here  also  care  must  be  taken  to  imprint  the  fundamental  hda  and 
prindples  clearly  and  firmly  upon  the  pupil's  mind.  It  is  easy  in  the 
case  of  firictional  dectridty  to  let  the  pupil  actually  see  some  of  the  facta; 
and  it  is  exceedingly  desirable  that  he  snould  do  so.  The  same  remark 
applies  to  the  elementary  facts  of  magnetism. 

As  in  the  case  of  inagnetism,  the  fact  first  obseryed,  namely,  the 
attraction  of  light  bodies  by  rubbed  amber,  must  be  shown  to  need 
other  facts  for  its  explanation. 

The  mode  of  exdting  bodies  by  friction  is  to  be  described ;  the  actkm 
of  rubbed  and  unrubbed  vitreous  bodies  upon  each  other;  the  action  of 
rubbed  and  unrubbed  resinous  bodies  upon  each  other ;  and  the  actkm 
of  vitreous  bodies  upon  resinous  bodies,  and  the  reverse,  are  to  be  deaih 
described  and  illustrated.  From  these  facts  the  law  is  to  be  dednoed 
that  bodies  similarly  electrified  repel,  and  dissinularly  electrified  attract 
each  other.  The  pupil  ought  to  know  why  the  terms  vitreous  and 
resinous,  as  appliea  to  electridty,  have  been  abandoned. 

Having  been  made  acquainted  with  the  elementary  facts  and  princi* 
pies,  the  pupil  is  to  be  rendered  flsmiliar  with  the  provisional  conception 
called  the  theory  of  electric  fluids. .  As  in  the  case  of  magnetism,  ne  is 
to  understand  tnat  this  theory  is  an  image  merdy,  and  not  a  troth. 

He  ought  to  be  made  acquainted,  by  experiments  performed  as 
described,  with  the  qualities  of  insulation  and  conduction.  He  ought  to 
know  the  reason  of  the  old  division  of  bodies  into  electrics  and  non* 
dectrics,  and  also  the  unsound  character  of  this  classification. 

Clear  definitions  ought  to  be  given  as  to  what  is  to  be  understood  by 
positive  and  what  by  negative  dectridty.  The  pupil  must  be  able  to 
determine  the  quality  of  the  dectricitv  with  whicn  any  body  is  charged. 

He  must  be  thorougldy  versed  in  the  phenomena  of  dectric  induction, 
and  must  be  able  to  apply  the  thix>ry  of  dectrio  fluids  in  the  eTplanation 
of  these  phenomena.  In  connexion  with  the  subject  of  dectriolT  this  is 
the  most  important  part  of  the  teacher's  duty,  for  upon  a  knowledge  of 
the  facts  ana  principles  of  electric  induction  the  comprehension  of  almost 
all  that  follows  it  depends. 

The  pupil  ought  to  be  able  to  construct,  or  describe  the  oonstroctioiii 
of  an  electrophorus,  and  to  explain  its  action  by  reference  to  the  prindples 
of  dectric  induction. 
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He  ought  to  be  able  to  ez}dam  the  oondenBer  by  Teference  to  the  iame 
principle. 

He  onght  to  be  able  to  explain  the  charging  and  discharging  of  the 
Lejden  jar  by  reference  to  the  same  principles. 

He  ought  to  be  able  to  describe  the  charging  of  the  prime  conductor 

an  electric  machine  by  reference  to  the  same  principles. 

The  knowledge  implied  in  the  last  three  questions  embraces  that  of 
the  oonstraction  of  the  condenser,  the  Leyden  jar,  and  the  electric 
machine.  The  first  form  of  the  Leyden  jar  ought  to  be  known  to  the 
pupiL 

The  distribution  of  electricity  on  the  surfaces  of  conductors  is  to  be 
made  known,  and  from  it  the  power  of  points  to  disperse  electricity 
ought  to  be  deduced.  The  pupil  ought  to  realise  that  in  virtue  of  its 
self-repelling  character  an  elecmc  fluid  always  moves  to  the  external 
surfoces  of  bodies.  The  power  of  flames  in  dispersing  electricity  ought 
also  to  be  made  known  to  the  pupil. 

He  will  now  be  ready  to  understand  the  form  and  theory  of  lightning 
conductors. 

The  physiological,  deflagrating,  and  mechanical  effects  of  the  electric 
discharge  ought  to  be  known  to  the  pupil.  He  ought  also  to  be  able 
to  apply  his  knowledge  to  the  explanation  of  thunder  and  lightning,  and 
of  ihe  return  shock. 


Voltaic  Electricity, 

The  simplest  combinations  for  the  generation  of  a  voltaic  current 
ought  to  be  made  known  to  the  pupil.  The  electric  state  of  the  free 
epSa  of  the  two  metals  immersed  m  the  exciting  liquid  ought  to  be 
described ;  he  ought  to  be  taught  to  apply  the  theory  cf  eledric  fluids 
to  the  conception  of  two  currents  flowing  in  opposite  directions,  and 
ihen  the  omission  of  one  of  these  currents  as  a  matter  of  convenience 
ouuht  to  be  made  known. 

It  IB  very  important  thai  the  pupil  should  have  a  clear  physical 
image  of  the  fundamental  phenomena  before  his  mind.  As  in  cases 
formerly  referred  to,  the  teacher  'wiH  be  careful  to  explain  that  this 
idea  of  a  fluid  flowing  in  a  current  is  an  image  merely,  and  not  a  proved 
truth. 

Gralvani's  experiment  with  the  le^s  of  the  frog  which  he  suspended 
a  copper  hook  on  an  iron  raibng  ought  to  be  explained;  and 
the  experiment  of  Sulzer,  where  the  tongue  is  placed  between  two 
metals. 

The  hearing  of  the  experiment  illustraiinjo^  "  the  return  shook "  on 
GalTani's  first  observation  ought  to  be  explained. 

Tlie  idea  of  an  electro-motive  force  separating  the  two  electricities 
and  driving  them  in  opposite  directions  ought  to  be  distinct  in  the 
OQpil'a  mind. 

He  ought  to  be  made  acquainted  with  the  mi«netical  effects  of  the 
mcast,  with  the  action  of  a  current  upon  iron  filings,  with  its  action 
upon  a  fireely  suspended  magnetic  needle.  In  this  latter  action  he  is  to  be 
pfeirticolaiir  well  versed,  so  as  to  be  able  immediately  from  the  deflection 
of  the  needle  to  infer  the  direction  of  the  cuxrent,  and  from  the  direction 
of  the  conent  the  deflection  of  the  needle. 

He  must  know  the  action  of  a  current  upon  a  bar  of  iron  placed  within 
a  coil  round  whioh  a  oorrent  circulates.  He  must  understand  the  magnetio 
uroucrties  both  of  the  coil  and  of  the  bar. 

He  ought  to  be  made  acquainted  with  the  simplest  form  of  the  multi- 
plying galvanometer. 
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He  ought  to  understand  the  principles  of  the  needle  tdegraph. 

Some  of  the  chemical  effects  of  the  current  ought  to  be  made  known 
to  the  pupiL  He  ought,  for  example,  to  have  a  distinct  notion  of  the 
composition  of  water,  and  an  equally  distinct  notion  of  its  decomposition 
by  the  electric  current. 


Second  Stagb  or  Advancbd  Courbb. 
Mafftietism, 

The  more  advanced  pupils  that  undertake  the  second  course  onght  to 
be  intimately  acquainted  with  all  the  subjects  introduced  into  the  fiist. 
Hie  following  additional  subjects  are  to  be  mastered. 

The  disposition  of  the  so-called  inagnetic  curves  round  a  bar  magnet^ 
round  two  bar  magnets  with  similar  or  unlike  poles  a4iaoent  to  each 
other,  and  round  a  horse-shoe  magnet,  must  be  clearly  understood.  The 

nU  must  know  how  a  short  magnetic  needle,  or  of  a  short  bar  of  iron 
ly  suspended  acts  in  relation  to  those  lines,  and  he  must  be  aUe  to 
show  that  the  lines  are  deducible  from  the  doctrine  of  magnetic  polarity 
combined  with  elementary  mechanical  conceptions. 

He  must  be  able  to  figure  mentally  the  magnetic  curves  of  the  earth, 
and  to  see  their  relation  to  the  line  of  dip. 

He  must  have  perfectly  clear  notions  as  to  what  is  meant  by  the 
atrength  of  a  magnet.  He  must  be  able  to  compare  the  strength  of 
magnets  together,  by  the  method  of  oscillation,  by  the  torsion  bi3anoe, 
or  by  the  deflection  of  a  small  magnetic  needle. 

A  knowledge  of  the  principles  and  use  of  the  torsion  balance  is  qnite 
essential. 

He  must  know  what  is  meant  by  the  law  of  inverse  squares,  and  be 
able  to  show  how  it  has  been  experimentally  demonstrated. 

The  pupil  must  be  acquainted  with  the  effect  of  temperatore  and  of 
percussion  upon  a  magnet. 

He  must  know  the  meaning  of  the  terms  horizontal  intensity,  vertietl 
intensity,  and  total  force.  He  ought  also  to  know  what  is  meant  by  tin 
variation  of  all  of  those,  that  they  are  different  at  different  parts  of  tiie 
earth's  surface,  at  different  hours  of  the  day,  at  different  seasons  of  the 
year.  To  a  knowledge  of  the  diurnal  and  annual  variations,  he  oogbt 
to  add  a  knowledge  of  the  secular  yariation. 


Frictional  Electricity, 

The  more  advanced  pupil  must  be^  intimately  acquainted  vhhallthe 
subjects  introduced  into  the  first  course. 

He  must  understand  the  cascade  airangement  of  the  Lejrden  battoyt 
as  contrasted  with  the  ordinary  amngement. 

He  must  understand  the  application  of  the  torsion  balance  to  the 
measurement  of  electric  fbrce. 

He  ought  to  be  able  to  think  out  and  describe  yarioua  new  and  simplfi 
forms  of  the  condenser  and  the  Leyden  jar. 

He  ought  to  be  able  to  carry  forward  the  idea  of  an  electric  Hmd  to 
the  conception  of  a  current  of  such  fluid ;  he  ought  to  be  able  to  desenbe 
the  chemical  and  magnetical  effects  of  such  a  cunent.  He  ought  to  be 
able  clearly  to  contrast  those  actions  as  manifested  bjr  frictional  deetoci^ 
with  the  same  actions  as  manifested  by  yoltaic  electricity. 

He  ought  to  be  able  to  describe  the  experimental  airangeBoeati 
neoMsary  to  the  production  of  primary,  secondary,  tertiary,  and  oioRQ^ 
of  higher  order  by  the  discharge  of  the  electric  batteiy* 
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He  mnst  understand  the  law  of  inyene  squares  as  applied  to  electricity, 
and  dearly  comprehend  its  limitations. 

The  diurnal  variation  of  atmospheric  electricity  ought  to  be  known  to 
ihepupil. 

Ine  application  of  the  imit  jar  in  the  measurement  of  dectric  charges 
oudbt  to  be  known  to  the  pupil. 

The  terms  quantity  and  intensity  (or  as  it  is  called  by  some  density) 
as  applied  to  electricitjr  ought  to  be  clearly  understood.  The  relation 
of  the  heating  power  of  an  electric  discharge  to  its  quantity  and  inten* 
sity  ought  also  to  be  known  to  the  pupil. 


VoUaic  Electricity. 

The  more  advanced  pupil  must  be  intimately  acquainted  with  the 
subjects  mentioned  in  the  first  course. 

To  the  electro-magnetical  knowledge  there  demanded  he  is  to  add 
iiie  knowledge  of  determining  the  str^gth  of  a  current  by  the  deflection 
of  a  magnetic  needle. 

He  ouflht  also  to  be  able  to  determine  the  reUtive  strength  of  two 
conrents  by  their  chemical  action. 

He  ought  to  know  l^ow  the  magnetism  of  a  bar  of  iron  augments  in 
intensity  as  the  currents  which  surround  it  augments  in  strength. 

He  ought  to  know  how  the  aitraction  of  iron  by  an  electro-magnet 
augments  as  the  exciting  current  is  augmented.  In  this  case  he  ought 
to  see  and  be  able  to  describe  the  difiPerence  between  a  piece  of  soft  iron, 
and  a  piece  of  exceedingly  hard  ma^etized  steel. 

He  ought  to  be  acquainted  with  mduoed  cuzrents,  their  various  modes 
of  generation,  and  their  laws  of  action. 

He  ought  to  be  able  to  explain  the  ordinary  madical  magneto-electric 
coiL  He  ought  also  to  be  able  to  describe  Ruhmkorff's  coil,  and  some 
Off  tiie  effects  obtainable  by  it. 

He  ought  to  be  able  to  sketch  a  current  reverser. 

He  ought  to  understand  the  principles  of  the  astatic  needle. 

He  ought  to  be  able  to  descrioe  the  phenomena  of  the  extra-current. 

He  ouffht  to  be  made  acquainted  with  the  mutual  action  of  currents 
upon  each  other,  with  the  attractions  and  repulsions  which  are  dependent 
upon  direction. 

He  ought  to  know  how  a  coil  of  copper  wire  maybe  suspended  so  that 
when  a  current  flows  through,  the  wire  it  shall,  like  a  magnetic  needle, 
cl)ey  the  directive  action  of  the  earth. 

He  ought  to  be  acquidnted  with  the  principles  of  electro-plating, 
adding  to  a  knowledge  of  the  decomposition  of  water  a  knowledge  of 
other  decompositions,  by  which  conducting  surfaces  may  be  coated  with 
OOTper,  silver,  or  gold. 

He  ouffht  also  to  be  made  acouiunted  with  the  chemical  actions  that 
occur  wiuun  a  voltaic  cell  when  the  current  circulates. 

The  arrangement  of  cells  into  batteries  ought  to  be  described.  The 
pupil  ought  to  be  made  acquainted  with  the  pile  of  Yolta  and  the 
crcm  of  cups.  He  ought  also  to  have  explainea  to  him  the  battery  of 
Grove* 

The  reason  for  employing  two  fluids  in  the  cells  of  this  batteiy  ought 
to  be  eamlained. 

The  (fependmce  of  the  heat  generated  on  tiie  resistance  overcome  by 
the  current  ought  to  be  mside  Imown.  He  ought  to  be  taught  to  form 
as  definite  a  conception  as  possible  of  resistance  in  relation  to  electro- 
motive force,  and  to  understand  the  formula  which  expresses  the  relation 
d  heat,  resistance,  and  current  strength. 
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He  ought  to  understand  the  theory  of  molecular  ouzrents,  and  to  be 
able  to  apply  this  theoiyin  explanation  of  the  phenomena  of  magnetism. 

Examination  for  Honours. 
Magnetism. 

A  candidate  who  enters  the  honours  examination  must  be  intimat^ 
acquainted  with  the  foregoing  two  courses  in  magnetism.  In  addition 
to  this  he  must  be  able  to  show  that  he  haa  a  competent  practical  know? 
ledge  of  the  apparatus  employed.  He  must  show  ability  m^deviaing  and 
executing  experiments,  and  ought  to  be  able  in  the  presence  of  the 
examiner  to  perform  experiments  illustrative  of  any  or  all  of  the  subjecti 
introduced  in  the  foregoing  two  courses. 

Frictional  ElectricUy. 

The  candidate  ought  also  to  know  the  facts  and  principles  of  dia- 
magnetism.  He  ought  also  to  be  able  to  describe  and  explam  the 
deportment  of  crystalline  bodies  between  the  poles  of  a  magnet. 

In  fHctional  electricity,  besides  an  intimate  acquaintance  with  both  of 
the  foregoing  courses,  the  candidate  must  possess  a  competent  prsctieat 
knowledge  dP  the  apparatus  employed.  He  must  be  able  to  devise  and 
execute  experiments  in  the  examiner's  presence.  He  must  be  intimateir 
acquaintea  with  the  experiments  with  a  rotating  mirror  bj  which 
Wneatstone  determined  tne  velocity  of  electricity  and  the  duntion  of 
the  electric  spark. 

Voltak  Electricity, 

Besides  being  intimately  acquainted  with  the  two  foregoing  courses, 
the  candidate  must  have  a  practical  acquaintance  with  the  apparatai 
employed  in  voltaic  electricity. 

He  must  be  intimately  acquainted  with  the  laws  of  Ohm  which  express 
the  relation  of  electro-motive  force,  internal  and  external  resistance,  and 
current  atrength. 

He  must  be  able  to  apply  the  principles  of  the  dynamical  theoiy  of 
heat  to  the  heat  phenomena  of  the  voltaic  current.  He  must  be  deaih 
informed  as  to  the  manner  in  which  the  heat  is  distributed  within  and 
without  the  battery* 

Text  Books. 

As  a  text  book,  in  addition  to  the  works  on  Physics  and  Natoial 
Philosophy  recommended  in  the  Syllabus  of  Subject  VHI.,  the  follow- 
ing work  on  Electricibr  may  be  used : — 

Electricity,  by  R.  M.  Ferguson,  12mo.,  3*.  6d. 

(Edinburgh,  Chambers,  18^.] 

Notes  of  a  Course  of  Seven  Lectures  on  Electrical  Phenomena  and 
Theories,  by  John  Tyidall,  LL.D.,  F.R.S.,  1*.  in  printed  wrapper; 
Is,  6d,  in  cloth.  (London,  Longman.) 


SUBJECT  X.-INORCANIC  CHEMISTRY. 

First  Stage  or  Elbhbntary  Courbb. 

Pupils  presenting  themselves  for  examination  will  be  expected  to 
possess  a  knowledge  of  the  following  subjects  : — 

Definition  of  chemistry.  Simple  and  compound  matter.  Different 
modes  of  chemical  action.    Combining  weights.    Volume  weights.' 
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Rrineiples  of  chemical  nomenclature.  Symbolic  notation.  Graphic 
notation.  Chemical  formulse.  Chemical  equations.  Atomicity  of 
elements.  Simple  and  compound  radicals.  Definition  of  a  compound 
radical.  Oaasification  of  idl  elements  into  metals  and  non-metals,  into 
positive  and  negative  elements.    Classification  according  to  atomicity. 

French  and  English  systems  of  weights  and  measures.  Conversion  of 
English  into  French  weights  and  measures.   The  crith  and  its  uses. 

Hydrogen. — Its  pref)aration  and  properties. 

Chlorine, — Preparation  of  chlorine  from  hydrochloric  acid.  Analysis 
and  i^thesis  of  hydrochloric  acid.  Properties  and  reactions  of  hydro- 
chloric acid. 

Oxygen. — Its  preparation  and  properties.  AUotropic  oxygen  ot 
oione.  Formation  and  reactions  of  water.  Preparation  and  properties 
of  hydroxyL   Compounds  of- chlorine  with  oxygen  and  hydroxyl. 

Boron. — How  it  occurs  in  nature.  Its  allotropic  modifications.  Borio 
anhydride.   Boric  acids. 

Carbon. — Its  preparation  and  allotropic  forms.  Preparation  and 
properties  of  carbonio  oxide  and  carbonic  anhydride. 

Nitrogen. — Its  preparation  and  properties.  Compounds  of  nitrogen 
with  oxygen  and  hydroxyl.  Compound  of  nitrogen  with  hydrogen. 
Ammonia.  Ammonic  salts. 

Sulphur. — Its  properties  and  allotropic  modifications.  Compounds  of 
sulphur  with  positive  elements.  Compounds  of  sulphur  with  oxygen 
and  hydroxyl. 

Second  Stage  or  Advanced  Codrbb. 

In  addition  to  the  above  subjects,  pupils  presenting  themselves  for 
the  advanced  examination  will  be  assumed  to  have  received  instruction 
in  the  following : — 

Theory  of  atoms  and  molecules.  Empirical,  rational*  and  constitu- 
tional formulae.  Absolute,  latent,  and  active  atomicity.  Atomic  and 
molecular  combination. 

Expansion  of  gases  by  heat.  Reduction  of  gaseous  volumes  to  standard 
pressure  and  temperature. 

Manufacture  or  hydrochloric,  nitric  and  sulphuric  acids.  Composi- 
tion and  manufMsture  of  bleaching  powder.  Theory  of  bleaching. 
Suitability  of  water  fbr  domestic  purposes.  Causes  of  permanent  and 
temporary  hardness  in  water. 

Bromine. — Hydrobromic  and  bromic  add. 

Iodine. — Hydriodic,  iodic,  and  periodic  acid. 

Fluorine. — Hydrofluoric  acid. 

5t2icofi.— Silica.  Silicic  acid.  Silicic  hydride.  Names  and  formule 
of  some  of  the  more  important  silicious  minerals. 

Phosphorus. —  Phosphoretted  hydrogen.  Adds  and  anhydrides  of 
phosphorus. 

Arsenic. — Arsenious  and  arsenic  adds.  Arseniuretted  hydrogen. 
Detection  of  arsenic. 

Antimony  and  Bismuth. — ^Preparation  and  properties  of  their  chief 
compounds. 

The  monad  metals,  espedally  potassium,  sodium,  and  silver.  Manu- 
Ibeture  of  soda-aah. 

The  dyad  metals.  Barium,  strontium,  caldum,  magnesium,  sinc» 
cadmhim,  mercury,  and  copper. 

The  chief  properties  of  the  following  metals : — Gold,  aluminium^ 
platinum,  lead,  chromium,  manganese,  iron,  cobalt,  and  nickel. 

Composition,  preparation  ana  properties  of  the  more  important  com- 
pounds of  these  metals. 
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Outline  of  qualitative  Analysis.  Reactions  of  the  principal  mineral 
adds  and  bases.  Course  pursued  in  the  application  of  these  reactions  to 
the  analysis  of  a  mixture  of  sereral  ados  and  bases.  In  future  tha 
examination  papers  in  this  division  will  be  so  finuned  as  to  render  a 
knowledge  of  qualitative  analysis  essential  to  the  attainment  of  a  first 
class. 


Examination  for  Honours. 

In  addition  to  the  above,  candidates  are  expected  to  possess  a  know^ 
ledge  of  the  following  subjects : — 

Theory  of  normal,  acia,  and  basic  salts.  Constitutional  formuke  of 
the  various  acids  of  phosphorus  and  other  elements.  Monatomic  and* 
pofyatomic  molecules. 

The  phenomena  of  combustion. — Thermal  units.  Absolute  thermal* 
effect,  or  total  amount  of  heat  evolved  by  various  kinds  of  fuel  and 
other  combustibles.  Pyrometric  thermal  effiect,  or  intensity  of  heat 
evolved  by  combustibles.  Translation  of  absolute  thermal  effect  into 
its  meclumical  equivalent.  Theory  of  flame.  Source  of  light  iit 
luminous  flames.  Spectrum  analysis,  its  principles  and  applications* 
Relations  of  specific  heat  to  atomic  weight. 

The  law  of  the  diffusion  of  gases.  The  laws  of  electrolysis.  The  pro- 
cesses used  in  the  quantitative  analysis  of  the  more  commonly  occurring 
minerals.  A  knowledge  of  qualitative  and  quantitative  analyma  is 
essential  to  the  attainment  of  a  class  in  honours. 


Text  Books. 

For  preparation  for  examination  in  the  above  syllabus,  the  following, 
works  are  recommended  as  text  books  : — 

Leefttre  Notes  for  Chemical  Students  (Vol.  I.  Inorganic  Chemistry), 
by  E.  Frankland,  8vo.,  4s.  (London,  Van  Voorst  2nd  cd.,  1876.> 

First  Principles  of  Modem  Chemistry,  by  U.  J.  Kay-Shuttlewofih, 
8vo.,  45.  bd.  (London,  Churchill,  2nd  ed.,  1870.) 

Introduction  to  Modem  Chemistry y  by  A.  W.  Hofmann,  8vo.,  4s.  Sd, 

(London,  Walton,  18d5.> 
First  Step  in  Chemistry,  by  R.  Galloway,  12mo.,  6s. 

(London,  Churchill,  4th  ed.,  1858.) 
Lessons  in  Elementary  Chemistry,  by  H.  E.  Roscoe,  18mo.,  4s.  6d. 

(London^  Macmillan,  new  ed.,  1869.) 

For  the  advanced  course  the  following  may  be  used  in  addition  to  the 
above : — 

Chemistry,  Inorganic  and  Organic,  by  C.  L.  Bloxam,  8vo.,  IS*. 

(London,  Churchill,  I867.> 
Manual  of  Elementary  Chemistry,  by  6.  Fownes,  12mo.,  I2s.  6d, 

(London,  Churchill,  10th  ed.,  1868.) 
Elements  of  Inorganic  Chemistry,  bv  W.  A.  Miller,  8vo.,  2ls. 

(London,  Longman,  3rd  ed.,  1864.^ 
Chemistry  for  Students,  by  A.  W.  Williamson,  12mo.,  7s.  6d. 

(London,  Macmillan,  new  ed.  18^.> 
Chemistry  for  Schools,  by  C.  Haughton  Gill,  12mo. 

(London,  Walton,  1869.) 
Qualitative  Analysis,  by  R.  Galloway,  8vo.,  85.  6d. 

(London^  Churchill,  5th  ed.,  1870.> 
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Besides  these  works  the  following  are  recommended  for  reading  and 
'working  for  honours 

Second  Step  in  Chemistry,  by  R.  Galloway,  12mo.,  10*. 

(London,  Churchill,  1863.) 
Chemical  Physics,  by  W.  A.  Mfller,  8vo.,  15*. 

(London,  Longman,  4th  ed.,  1867.) 
Dictionary  of  Chemistry,  and  the  Allied  Branches,  by  H.  Watts,  in  four 
Vols.,  8vo.,  1st  Vol.,  3\s.  6c/.,  2nd  Vol.,  26s,,  3rd  Vol.,  31*.  6d., 
4th  Vol.,  24*.  (London,  Longman,  1863-66.) 

Elementary  Treatise  on  Heat,  by  Balfour  Stewart,  12mo.,  7*.  Sd. 

(London,  Macmillan,  1866.) 
Heat  considered  as  a  Mode  of  Motion,  by  J.  Tyndall,  8vo.,  12*.  6d, 

(London,  Longman,  2nd  ed.,  1866.) 
Quantitative  Analysis,  Fresenius,  translated  by  A.  Vacher. 

(London,  Churchill,  5th  ed.,  1870.) 
List  of  Books  of  Reference  for  General  Libraiy : — 
Fresenius's  Qualitative  Analysis,  translated  by  A.  Vacher.  7th  edition. 
Svo.,  9*.    Churchill  and  Sons. 

l/re**  Dictionary  of  Arts,  Manufactures,  <5-c.  3  vols.  8vo.,  41,  lis,  6d, 
Ixmgmans. 

English  Cyclopedia,  Arts  and  Sciences,  8  vols.  8vo.,  each  12*. 
Sradbury  and  Evans. 

Muspratfs  Dictionary  of  Chemistry,   2  vols.   8vo.,  67*.  Mackenzie. 

BrofuTs  Dictionary  of  Science,  Sfc,   3  vols.  8vo.,  63*.  Longmans. 

Chemical  Technology,  by  Richardson  and  Watts. 

All  the  vols,  of  the  Cavendish  Society,  eqiedaUy  Gmelin's  Chemistry, 
17  vols.  8vo. 

Royal  Society  Catalogue  of  Scientific  Papers.   3  vols. 

The  Journal  of  the  Chemical  Society  from  the  commencement  to  the 
present  time. 

The  Proceedings  of  the  Royal  Society  from  the  commencement  to  the 
present  time, 

like  Transactions  of  the  Royal  Society  from  the  beginning  of  the  century 
to  the  present  time. 

The  Philosophical  Magazine  from  the  commencement  to  the  present 
.time. 

The  Proceedings  of  the  Royal  Institution,   5  vols. 
Die  Jahresbericht  der  Ckemie  from  1847  to  the  present  time.   20  vols* 
and  index,  2  vols. 


SUBJECT  XI.— ORGANIC  CHEMISTRY. 

FiKST  Stack  or  Elbmkntary  Course. 

Pupils  presenting  themselves  for  examination  will  be  expected  to 
possess  a  knowledge  of  the  following  subjects : — 

Definition  of  organic  bodies;  their  ultimate  analysis.  Calculation 
ef  empirical  formulse.  Compound  organic  radicals.  Notation  of  organic 
compounds.   Graphic  and  symbolic  formulae. 

Organic  Barftcai*.— Positive  radicals.  Preparation  and  propertieas  of 
the  monad  radicals  of  the  methyl  series.  Monad  radicals  of  the  vinyl 
and  phenyl  series. 

Dyad  positive  radicals  of  the  ethylene  series.  P^aration  and 
properties  of  ethylene. 

Negative  radicals.  Cyanogen.  Oxatyl.  Oxalic  add,  its  preparation 
and  properties. 
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Hydrides  of  the  Organic  Radicals, — Methylic  hydride  or  manh  gaa. 
Paraffin.  Benzol.  Cyanic  hydride  or  hydrocyanic  acid.  Oxafylic 
hydride  or  formic  acid. 

The  Alcohols.— DeGxiition  of  an  alcohol.  Methyhc  alcohoL  Ethylic 
or  common  alcohol.   Phenylic  alcohol  or  carholic  acid. 

!%€  Ethers* — Definition.  Preparation  and  properties  of  ethylic 
ether. 

The  Haloid  Ethers.—Th&i  constitution.  Preparation  and  properties 
of  ethylic  chloride  and  iodide. 

The  Aldehydes. — ^Their  nature  and  properties.  Acetic  aldehyde. 
Benzoic  iddehyde  or  oil  of  hitter  aknonds. 

The  Acids, — Definition  of  an  organic  acid.  Acetic  acid.  Lactic  acid. 
Benzoic  acid. 

Ethereal  Salts. — Definition  and  constitution  of  the  ethereal  salts  of 
the  monohasic  acids.  Preparation  and  properties  of  acetic  ether  and 
butyric  ether. 

Second  Stage  or  Advanced  Course. 

In  addition  to  the  above  subjects,  students  presenting  themselves  for 
this  examination  wiU  be  assumed  to  be  acquainted  with  the  following: — 
.  Determination  of  the  rational  formula?  of  organic  acids  and  bases. 
Graphic  and  symbolic  types  of  organic  compounds.  Reduction  and 
development  of  the  formulse  of  organic  bodies.  Classification  of 
organic  compounds. 

Organic  Radicals. — D^ad  positive  radicals  of  the  acetvlene  series. 
Single  and  double  cyanides.  Manufacture  of  pnissian  blue  and  of 
oxuic  acid. 

Hydrides  of  the  Organic  Radicals. — ^Ethylic  and  amylie  hydrides. 
Hymides  of  the  radicals  of  the  phenyl  series.   Manufacture  of  ooal-gas. 

The  Alcohols. — Classification,  preparation  and  properties  of  alcoholi, 
1.  Monacid  alcohols ;  methyl  series,  vinyl  series,  allyl  series,  pheny 
series.  2.  Diacid  alcohols  or  glycols ;  ethylic  glycol  and  its  derivatives. 
3.  Triacid  alcohols ;  glycerin,  its  preparation  and  properties. 

The  Ethers. — 1.  Ethers  of  the  monacid  alcohols; — ^methylic  ether, 
allelic  ether,  phenylic  ether.  2.  Ethers  of  the  diacid  alcohols ; — ethylenic 
oxide.   3.  Ethers  of  the  triacid  alcohols ; — glycylic  ether. 

The  Haloid  Ethers. — Haloid  ethers  of  the  monad,  dyad,  and  triad 
positive  radicals.  MethyUc  chloride.  Manu&ctuie  of  chloroform. 
Ethylenic  bromide. 

The  Aldehydes.— YoTTD&tion  and  re-actions  of  the  aldehydes  of  the 
methyl,  vinyl,  and  phenyl  series  of  alcohols. 

The  Adds. — Law  of  basicity  of  organic  acids. 

Monobasic  acids: — ^Acetic  or  fatty  series.  Acrylic  or  oleic  sories. 
Lactic  series.  Pyruvic  series.  Glyoxylic  series.  Benzoic  or  aromatic 
series. 

Dibasic  acids  : — Succinic  series.  Fumario  or  acryloid  series.  Malic 
or  lactoid  series.   Tartaric  or  glyoxyloid  series. 

The  Anhydrides. — Definition  and  constitution  of  the  anhydrides. 
Formation  and  re-actions  of  the  anhydrides  of  monohydric  monobasic 
acids,  dihydric  monobasic  acids,  and  of  dihydrio  dibasic  acids. 

The  Ketones. — Derivation  and  constitution  of  the  ketones.  Prspaitr 
tion  and  properties  of  acetone. 

Ethereal  Salts, — Ethereal  salts  of  dibasic  and  tribasic  adds,  and  of 
monacid,  diacid,  and  triacid  alcohols. 

Organic  Compounds  containing  Nitrogen,  Phosphorus,  Arsenic  and 
Antimony. — ^The  more  important  natural  and  artinoial  alkaloids.  Ex- 
traction of  quinine  from  cmchona  bark. 
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OrganometaUie  Bodies. — Pefinition.  Their  behaviour  and  fonnafcibii. 
IVeparation  and  properties  of  zincic  ethide^  mercuric  ethide  and  stannic 
ethide. 


Examination  for  Honours. 

In  addition  to  the  above,  the  candidate  should  be  well  acquainted 
with  the  foUowing  subjects : — 

Determination  of  the  specific  gravity  of  gases  and  vapours.  The 
methods  employed  in  the  analysis  of  gaseous  organic  bodies.  Synthesis 
of  organic  compounds.  Determination  of  the  constitutional  formulae  of 
organic  bodies.  Isomerism,  metamerism  and  polymerism  in  organic 
bodies. 

Organic  Radicals. — ^Normal,  secondary,  and  tertiair  monad  radicals. 
Isomerism  of  ethylene  and  ethylidene  compounds.  Kelations  between 
methyl,  ozatyl  and  cyanogen. 

Hydrides  of  the  Organic  Radicals. — Relations  of  the  positive  monad 
radicals  to  their  hydrides. 

The  Alcohols. — Relations  of  the  normal  monadd  alcohols  to  the 
monad  CLH^-i-i  radicals,  the  dyad  C.Ui.  radicals,  and  to  the  hydrides 
of  the     Hta^i  radicals. 

Seoondarv  monadd  alcohols.  Isopropylic,  pseudamylic  and  pseudo- 
hea^lic  alconols. 

TertiaiY  monadd  alcohols.    Pseudobutvlic  alcohol. 

Normal  and  secondaij  alcohols  of  the  phenvl  series. 

Relations  of  glycerin  to  isopropylic  and  aUylic  alcohol;  also  to 
glyceric,  tartronic,  and  acrylic  add. 

Other  polyadd  alcohols : — ^Erythrite,  mannite,  glucose. 

The  Acids. — Difference  between  hydricity  and  basidty  of  adds. 

Normal,  secondary,  and  tertiary  mtty  adds.  Relations  of  the  fiitty 
adds  to  the  GLHa.^!  series  of  radicals,  and  to  the  C.Ha..|.iHo  series  of 
aloobds.    Relations  of  the  fatty  adds  to  each  other;  ascent  of  the 

BOVlCS. 

Normal,  secondary,  and  olefine  adds  of  the  acrylic  or  oleic  series.' 
Relations  of  the  aaylic  to  the  acetic  series  of  acids. 

Defimition  and  classification  of  the  adds  belonging  to  the  lactic  series 
Relations  of  the  lactic  to  the  fatty  and  acrylic  series  of  adds.  Isomerism, 
in  the  lactic  series. 

Relations  of  the  pyruvic  series  of  acids  to  the  oxalic  and  lactic  series. 

Relations  of  the  glyoxylic  series  of  adds  to  the  glycerin  series  of 
alcohols. 

Constitution  and  classification  of  the  dibasic  acids.  Relations  of  the 
sacdnic  series  of  acids  to  the  lactic  and  acetic  series,  and  to  the  glycols. 

Isomerism  in  the  fumaric  series  of  dibasic  adds. 

Tartaric  or  glyozyloid  series  of  dibasic  acids.  Varieties  of  tartaric 
add. 

Constitution  and  classification  of  the  tribasic  adds. 

The  Ketones. — Isomerism  in  the  ketone  family. 

Orgamc  Compounds  containing  Nitrogen,  Phosphorus,  Arsenic,  and 
JtUimony. — ^The  amines,  phosphines,  arsines,  and  stibines.  Primary, 
■econda^,  and  tertiary  organic  bases.  Monamines,  diamines,  triamines, 
and  tetramines. 

OrganometaUie  Bodies. — Their  constitution  and  its  bearing  upon  the 
-doctrines  of  atomidty. 
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Text  Books* 

In  addition  to  such  of  the  works  as  treat  on  Organic  Chenusfcry 
recommended  in  the  Syllabus  of  Subject  X.,  the  student's  attention  u 
drawn  to  the  following : — 

Elements  of  Organic  Chemistry,  by  W.  A.  Miller,  8vo.,  24». 

(London,  Longman,  3rd  ed.,  1866.) 
Lecture  Notes  for  Chemical  Students  (Vol.  II.  Organic  Chemistry),  by 
£.  Frankland,  8yo.  (London,  Van  Voorst^  2nd.  ed.,  nearly  rody.) 


SUBJECT  XII.— GEOLOGY. 

Fjbbt  Sta.ge  OB  Eleicentabt  Coubse. 

A. — ^Preliminary  Bnbjects. 

u.  Basis  of  Geology. — Definition  of  the  objects  of  geology.  Waste  of 
land  now  going  on  by  mechanical  causes, — rain,  running  water,  tut, 
-snow,  glaciers,  and  by  the  sea.  Origin  of  rounded  pebbles,  grains  of 
sand,  and  mud.  Sediments  carried  in  mechanical  suspension  m  riven. 
Deposition  of  strata  now  forming  in  the  sea  and  in  lakes  from  sediments 
formed  mechanicaUy.  Other  strata  formed  in  part  or  entirely  of  organio 
remains,  and  how  they  are  i)reserved.  Proof  that  stratified  rocks  gene- 
rally were  formed  by  deposition  from  water,  as  above,  and  that  strati 
have  been  successively  deposited  and  are  of  ages  less  or  more  apart. 
Definition  of  the  term  igneous  as  applied  to  rocks. 

b.  Common  Geological  terms, — Definition  of  "  crust  of  the  earth,"  day, 
sand,  ^vel,  shale,  sandstone,  coDglomerate,  breccia,  limestone,  Uva, 
volcanic  ashes,  stratimi  or  bed,  a  formation,  group  of  formations.  Re- 
cent, Cainozoic  (tertiary),  Mesozoic  (secondary),  and  Palaeozoic  formations. 
Horizontal,  inclined,  vertioil  strata.  AnticUnal  and  synclinal  curves. 
Contorted  strata,  dip,  strike,  outcrop,  a  basin.  Conformable  and  un- 
conformable stratification,  joint,  slaty  cleavage,  fault,  lode^  ran.  Names 
of  some  of  the  metamorphic  rocks. 

c.  Composition  of  principal  rocks  and  their  common  mtneraU,'^ 
Minerals  that  form  granites  and  granitic  rocks;  Syenites,  Diorites 
(greenstones).  Basalts,  Dolerite,  gneissic  rocks,  limestones.  Coal,  what 
originally  formed  from.    Colouring  matter  of  rocks. 

a.  Disintegration  and  Solutions,  —  Disintegration,  and  solutions  of 
minerals  composing  rocks  hj  means  of  acids;  mineral  springs,  and 
substances  in  chemical  solution  in  rivers,  lakes,  and  the  sea.  How 
produced. 

e.  Snow  and  Icc.—How  glaciers  are  formed  from  snow.  Movement  of 
glaciers  and  transport  of  matter  on  their  surfaces.  Moraines.  Erosion 
of  rocks>  over  which  glaciers  flow.  Icebergs,  whence  derived.  Trans- 
port of  matter  from  cold  to  warmer  latitudes  by  icebergs. 

/.  Rivers, — Cutting  out  of  terraces  and  valleys  by  rivers.  Transport 
of  material  seaward,  and  graducd  growth  of  Deltas. 

g.  Marine  Denudation,  Transport  and  Consolidation  of  Material  and 
Fossilization, — Waste  of  sea  coasts  by  breakers  and  by  help  of  landslips. 
Rounding  of  pebbles  and  grains  of  sand  on  shores  and  in  streams. 
The  effect  of  long  continued  marine  denudation  on  the  land ;  formation 
of  bays  and  head-lands,  &c.  Distribution  of  sediments  derived  from  land 
over  sea  bottoms,  forming  modem  marine  strata.  Consolidation  of  stiaU 
by  pressure>  chemical  changes  and  heat.   Preservation  of  sheUs*  m 
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8,  lakes,  and  delta  deposits^  in  allavium,  and  m  and  under  peat,  blown 
sand^  and  volcanic  ashes. 

A.  Central  Heat,  Vokanos,  Earthquakes,  and  other  Movements  of  the 
Earth's  Crust. — The  connexion  of  the  corals  reefs  of  the  Pacific  Ocean 
with  the  gradual  sinking  of  the  sea  bottom.  Fringing  reds,  barrier 
reefs,  atolls.  Volcanos  and  their  connexion  tnth  some  areas  of  up- 
heaval of  land  above  the  sea.  Raised  beaches  and  sea  bottoms.  The 
stmctore  of  volcanos.  The  wave-like  motion  of  earthquakes.  General 
structure  of  mountain  chains.  The  existence  of  so-called  central  heat  in 
the  earth.  Change  of  common  strata,  such  as  shale  and  slate,  sand- 
stone, limestone,  &c.,  into  mica*  schist,  gneiss,  quartz  rock,  crystalline 
limestone,  &c.  (metamorphism). 

S. — Classlfleation  of  Animal  and  Vegetable  Xdfe. 

t«  A  mdimeniaiy  acquaintance  ^th  the  meaning  of  the  names  of 
thos  c  CLASSES  of  auimals  and  plants  that  are  or  may  be  found  fossil, 
such  as  Mammalia,  Aves  (birds),  ReptOia,  msces  (fish),  Insecta,  Myria- 
poda  (centipeds,  &c.),  Arachnida  (spiders,  &c.)>  Crustacea  (crabs,  &c.), 
Annelida  (worms,  &c.)>  Echinodermata  (sea-urchins,  starfish,  &c.}. 
Cephalopoda  (cuttle-fishes,  &c.)>  Pteropoda,  Puhnonata  (land  snails, 
&c.)»  Gasteropoda  (periwinkles,  limpets,  &c.)»  Conchifera  (oysters, 
cockles,  &c.)*  Brachiopoda  (terebratula,  &c.),  corals,  sponges.  The 
Vegetable  Kingdom  :  tne  names  of  the  classes  and  orders  of  plants. 


Baoceaalon  of  Btratay  Igneous  Sooks,  Ac. 
.  O.— ValeeoBolo  Serlea. 

it.  Oldest  known  stata  or  the  Laurentian  rocks.  Their  metamorphio 
character.   Oldest  known  fossil.    Huronian  rocks  of  Canada. 

L  Cambrian  and  Silurian  strata, — Cambrian  rocks,  and  their  traces 
of  fosails.  Lingula  flags  and  Tremadoc  slates.  Uandeilo  and  Bala 
beds,  and  the  lavas  and  volcanic  ashes  associated  with  them.  Llan- 
dovery or  Pentamerus  beds.  Upper  Silurian  series.  Leading  kinds 
of  fossils  common  in  these  formations,  such  as  the  genera  of  Grapto- 
lites.  Corals,  Brachiopoda,  Conchifera,  Cephalopoda  (chambered  shells), 
Echinodermata,  Crustacea  (especially  the  Trilobites),  and  first  appear- 
ance of  fish  remains  and  land  plants. 

m.  Old  Rsd  Sandstone  and  Devonian  strata.^The  areas  in  Britain 
that  formed  land  before  the  denosition  of  the  Old  Red  Sandstone. 
Unconformities  of  Old  Red  Sanastone  on  older  rocks.  Division  into 
lower  and  upper  Old  Red  Sandstone  and  unconformity.  The  nature 
of  the  rocks.  The  fish  found  in  the  lower,  and  the  fish,  firesh* 
water  shells  and  plants  in  the  upper  Old  Red  Sandstone.  Devonitm 
strata, — Commonly  divided  into  lower,  middle,  and  upper.  Their  marine 
&una,  corals,  shells  bivalve  and  unividve,  Goniatites  and  other  cephalo- 
poda, Trilobites,  &c.  Difference  between  the  Silurian  and  Devonian 
genera  and  species. 

a.  Carboniferous  strata. — ^The  ordinary  succession  of  these  strata  in 
Wales  and  the  South  of  England  (See  also  parts  of  16  in  Advanced  Stage). 
Tl&e  kinds  of  corals,  shells,  and  fish  found  in  the  Carboniferous  Limestone 
and  other  beds.  The  kind  of  sections  found  in  the  Coal-measures.  The 
Underday  generally  below  beds  of  coal.  How  coal  was  formed  from 
fosailized  pluits.  How  there  came  to  be  many  beds  of  coal  in  one  coal- 
field with  beds  of  shale,  ironstone,  and  sandstone  between. 

o.  Permian  formations. — ^Their  succession  in  England  and  Germany, 
and  the  prooft  of  their  unconformity  on  the  Carbonif(arou8  strata.  The 
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strudnire  of  the  Roihli^ende  or  Braociated  OoDglomentes,  the  Maii- 
slate  or  Kupferschiefer^  the  Magnesian  limestone  (Zechrtein).  That 
fossils. 

B.--Meaosole  or  Beooadair  BaiiMk 

Lower  Mkbozok. 

p.  New  Red  Sandstone  or  Trias. — British  divisions:  1st.  New  Bed 
Sandstone  (Hunter);  2nd.  New  Red  Marie  (Keuper).  ContineniiU 
divisions.  New  Red  Sandstone,  Muschelkalk,  New  Red  Marie.  Unoon- 
fonnitv  on  Permian  and  older  rooks.  Great  changes  of  life  in  passing 
from  ralseozoic  to  Mesozoic  times.  Change  in  the  relative  nmnben  S 
Brachiopoda  and  Conchifera  when  compared  with  Palaeozoic  rocks,  and 
continuation  of  this  down  to  present  day.  New  Cephalopoda,  encrinites, 
fish,  and  reptiles.  First  known  mammal.  Plants  of  the  Kenper  sand- 
stone, Crustacea,  reptiles,  &c.  Origin  of  rock-salt  bv  evaporatioii. 
Gypsum  of  red  marie.  Parts  of  what  is  now  the  British  Islanda  that 
formed  land  before  the  deposition  of  the  Trias. 

q,  Rhatic  or  Penarth  beds.— {See  19,  p.  92.) 

r.  Lias  formations  and  OoK/es.— -(Jurassic  of  the  continent).  Division 
into  Lower,  Middle,  and  Upper  Lias,  and  Lower,  Middle,  and  Upper 
Oolites.  The  names  of  the  formations  included  in  each  of  tone. 
'Characters  of  the  rocks.  Great  development  of  life  of  these  periods. 
Leading  marine  fossils  of  the  Lias  and  land  plants  and  insects.  Uommon 
genera  of  Brachiopoda  and  Conchifera,  Gasteropoda,  Cephsliipods» 
Echinodermata,  Fish,  and  Reptiles.  Leading  fossils  of  the  Oolites  is 
above,  and  also  Mammalia.  Proofs  of  land  in  the  neighbourhood  of  the 
British  Liassio,  and  Oolitio  seas. 

s.  Purbeck  and  Wealden  strata, — Their  estuarine  character,  and  piodii 
of  this  from  the  fossils.  Generic  nsmes  of  leading  fossils,  rtooh 
of  the  existence  of  a  neighbouring  large  continent. 

UppEjt  Mbsozojc. 

t.  Cretaceous  series, — British  divisions.  Lower  and  Upper  and  their 
subdivisions.  The  nature  of  the  strata  and  general  grouping  of  fosaib  (u 
in  r  above).  Differences  when  compared  with  Oolitic  genera  and  spedeB. 
Uppermost  Cretaceous  beds  absent  in  Britain,  vis.  the  Maestricfat  and 
Faxoe  beds  and  the  beds  of  Aix-la-ChapeUe.   Account  of  these. 

Mm — Calnomole  or  Tertiary  Series. 

u.  Eocene  or  Lower  Tertiary, — Meaning  of  the  terms  Eocene,  Mkooene, 
and  Pliocene.  Areas  occupied  bjr  the  English  and  French  Eooeas 
strata,  and  divisions  of  the  EngUsh  Eocene  strata.  Their  fositls, 
freshwater,  estuarine,  and  marine.  Proofs  of  neighbouring  land  in 
freshwater  shells,  plants,  and  terrestrial  mammslia. 

V.  Miocene  or  Middle  Tertiary,  of  Bove^-Tracey,  Mull,  &c.  Frendi 
marine  strata  and  freshwater  and  volcanic  formations.  Hie  kinds  of 
fossils  they  contain.  The  Swiss,  Italian,  and  other  oontineotal  beds. 
The  floras  of  the  period,  insects,  manmoalia,  reptiles,  shells,  &c  The 
Arctic  Miocene  beds,  and  flora.   Indian  Miocene  strata  and  their  fossils. 

w.  Post'Pliocene  strata.  Crag,  Sf^c. — Divisions  of  the  British  Cng, 
characters,  and  fossils,  marine  and  terrestrisl.  Econoinic  prodneli* 
Crag  of  Belgium.  Proportions  of  recent  species  in  the  differont 
members  of  the  Orag,   Sub-Appenine  strata  and  those  of  Si^. 

c.  Glacial  period  and  other  strata  later  tham  the  Crag. — Tm  Foicit 
beds  beneath  the  boulder  day,  and  the  union  of  Britein  with  the  oonti* 
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nent,  and  its  Flora,  tenestrial  Fauna,  and  shdk.  (See  also  26,  p.  94.)  The 
gladera  of  the  glacial  period,  before,  during,  and  after  the  deposition  of 
the  marine  boulder  clays.  The  origin  and  nature  of  the  boulder  clay. 
Other  proofs  of  a  cold  climate,  and  the  marine  and  terrestrial  Fauna 
of  the  period. 


1.  All  contained  in  a  of  the  elementary  stage. 

2.  All  contained  in  b, 

3.  All  contained  in  c,  and  the  chemical  constituents  of  silica,  various 
felspars,  micas,  augite,  diallage,  hornblende,  garnet,  obsidian,  pitchstone, 
pumice.  Limestone,  Magnesian  limestones  or  Dolomite.  Cofds,  such  as 
common  house  and  furnace  coals,  cannel  coals,  and  anthracites.  Iron 
ores.  The  colouring  matter  of  rocks.  The  general  relatire  proportions 
in  the  known  crust  or  the  earth  of  mineral  substances,  such  as  siHca, 
alumina,  lime,  magnesia,  iron.  See,  &c. 

4.  Chemical  disinte^aium, — Chemical  disintegration  of  rocks  on  a 
lar^  scale ;  formation  of  kaolin,  fireclays  and  other  clays  and  shales. 
Ongin  of  mineral  springs,  and  substances  in  solution  in  rivers,  seas,  and 
other  waters.  Skeletons  of  shell  fish  and  other  marine  and  free^  water 
animals,  whence  derived,  and  how  strata  are  formed  of  these. 

5.  Effects  of  mow  and  ice,  —  What  is  a  glacier,  and  how  formed. 
Change  of  snow  into  solid  ice.  Stratification  and  veined  structure  of 
ice.  Inclinations  of  beds  and  surfi&ceB  of  glaciers.  Why  ^lad  ers  flow. 
Rates  of  progress.  Crevasses.  Moraines,  lateral,  medial,  terminal, 
and  how  they  are  formed.  Erosion  of  rocks  under  glaciers  and  its  results. 
Flow  of  water  from  lower  ends  of  glaciers.  Destruction  of  terminal 
movaines,  and  circumstances  that  induce  their  occasional  preservation. 
Oscillation  of  sise  of  glaciers.  Deepening  of  valleys.  Signs  left  by 
glaciers  ttiat  have  disappeared.  Icebergs  of  Arctic  and  Antarctic  regions 
and  oi  South  America ;  how  formed.  Ocean  currents.  Transport  of 
flatter  by  icebergs,  and  its  distribution  over  existing  sea  bottoms. 
Tnuosport  of  detriikus  by  coast  ice  and  river  ice. 

6.  LandsJ^s. — Landslips  in  mountainous  and  hilly  regions,  and  land* 
slips  on  sea  coasts.  Their  effect  in  bringing  matter  witUn  the  influence 
of  running  water  and  of  the  sea. 

7.  Rioers.  —  Erosive  and  transporting  power  of  brooks  and  rivers. 
Their  influence  in  forming  gorges  and  valleys.  Origin  of  waterfalls. 
Amoiant  of  matter  carried  seaward  by  great  rivers  such  as  the  Nile,  the 
Ganges,  the  Mississippi,  &c.  The  mode  of  formation  and  gradual 
grofwth  of  deltas  and  their  possible  age.  Filling  up  of  lakes  by  sedi- 
ments. General  effect  on  the  form  of  the  ^und  and  lowering  of  level 
of  continental  and  smaller  areas  by  combined  effects  of  chemical  dis* 
integration,  rain,  rivers,  frost,  snow,  and  glacier  ice. 

8.  Marine  denudation, — ^Waste  of  sea  coasts  by  breakers  and  land- 
slips. Formation  of  pebbles  and  sand  on  sea  coasts.  Amount  and 
nature  of  waste  of  boulder  clays  of  eastern  coasts  of  England,  Sec, ; 
of  Tertiary  strata,  and  of  Cretaceous  and  Oolitic  strata  on  east  and 
south  coasts.  Waste  of  harder  rocks  of  west  of  England,  Wales, 
and  Scotland.  Power  of  breakers  in  moving  sand  and  shiiiffle,  and 
large  blocks  of  stone.  Effect  of  prevalent  winds  on  waste  and  trans- 
port of  material  alonff  shores.  Silting  up  of  estuaries.  Effect  of  groins 
and  other  artificial  obstructions  on  coasts.  Warping  of  alluvial  tickl 
flats.  Fonns  of  sea  cliffs  and  origin  of  many  bays  and  headlands.  Origin 


Second  Stage  or  Advanced  Coubse. 
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of  f(teiA  plaina  of  marine  denudation  by  combined  action  of  breaken, 
landslips,  and  general  lowering  by  waste  of  the  interior  of  countries. 
Subsequent  upheaval  of  such  plains  and  renewed  scooping  out  of  raUeys. 
Origin  of  certain  tablelands  and  their  valleys. 

9.  Distribution  of  Material  in  Sea,  ^c,  forming  Modem  Strata, — 
Transport  of  matter  by  great  marine  currents,  passing  mouths  of  rivers 
and  aJong  coasts.  Transporting  powers  of  tidal  cumnts.  Sifting  action 
of  the  sea  in  arranging  sediments  along  its  bottom.  Icebergs  (see  5}. 
Modem  formation  by  above  causes  of  beds  of  clay,  sand,  gravel,  and 
boulder  beds,  and  mixtures  of  these.  Volcanic  ashes  fiEdling  in  sea  and 
lakes.  Greneral  formation  of  lacustrine  strata.  Formation  of  beds  of 
limestone  by  organic  bodies  in  seas,  lakes,  and  .  laffoons.  Coral  reefii 
(see  10).  Salts  carried  in  solution  in  rivers  into  takes,  evaporation  of 
surplus  water,  concentration  and  precipitation.    Origin  of  rock  salt,  &c. 

10.  Fossilization  and  ConsoUdatwn  of  Strata, — Shells  and  other  marine 
organic  remains  buried  in  sediments.  Also  terrestrial  plants.  Wofrm 
burrows.  Terrestrial  animals.  Organic  remains  in  lakes  and  river 
deltas,  in  alluvial  beds  and  bricketurths;  in  and  under  peat,  under 
blown  sand,  and  in  volcanic  ashes  and  under  lavas.  Formation  of 
sediments  by  foraminiferse,  &c.  in  deep  seas.  Consolidation  of  strsta 
by  pressure,  infiltrations,  and  precipitations,  chemical  decomposition 
and  recomposition  and  heat. 

11.  Central  Heat,  Volcanos,  Earthquakes,  and  other  Mowments  of  the 
EartKs  Crust, — ^Theory  of  Coral  Reefs.  Fringing  reefs.  Barrier  reefs, 
Atolls,  and  proofs  of  f^adual  subsidence  of  the  sea  bottom.  Connexion 
of  coral  reefs  with  the  volcanic  islands  of  the  Pacific  Ocean  and  areas  of 
partial  upheaval.  Upheaval  of  the  west  coast  of  South  America. 
Oscillations  of  level  on  the  coast  of  the  Baltic,  Greenland,  &e.  Railed 
beaches  and  sea  bottoms. 

Theories  of  central  heat  how  inferred.  Radiation  of  heat  from  the 
earth,  consoUdation  and  theonr  of  the  formation  and  Bhrinka|^e  of  its 
crust.  External  phenomena  of  volcanos,  and  theories  of  volcanic  aetioiL 
Earthquakes.  Mallet's  theory,  and  oscillations  of  level  aocompaDyiag 
earthquakes. 

Metamorphism  of  rocks.  Theory  of  slatjr  deavage,  passage  of  shalei 
clayslate,  sandstone,  limestone,  and  their  mtennediate  gradations  into 
mica-schist,  chlorite-schist,  various  kinds  of  gneissic  rocks,  quartx-rocki 
crystalline  limestones,  &c.  Special  development  of  distinct  minenli  in 
rocky  masses.  Relation  of  the  above  to  gradual  subsidence  of  rock 
masses  and  accumulation  of  strata  above  them.  Origin  of  mountain 
chains.  Disturbance  and  contortion  of  strata  in  saooeasxre  stages,  and 
probable  causes  of  these  phenomena. 

B^ClaaaUoatloii  of  Animal  una  Vefetable  Ulb. 

12.  All  contained  in  •  of  the  Elementary  stage,  p.  90,  togetiier  witht 
general  knowledge  of  the  orders  of  Mammalia,  Birds,  Reptiles,  Amphibia, 
Fish,  Insects,  &c.,  Crustacea,  Echinodermata,  Cephalopoda,  Ptempoda, 
Pulmonata,  Gasteropoda,  Conchifera,  Brachiopoda,  Polysoa,  Ccu^Is,  &c., 
and  the  classes  and  orders  of  the  vegetable  kingdom. 

BnoeMMlon  of  Strata*  Igneoum  Soeks*  4bo. 
O. — ^Palaaosolo  Series. 

13.  Laurentian  rocks  of  Scotland,  and  Lower  and  Upper  Lanmiiian 
rocks  of  Canada,  &c.  Huronian  rocks  of  Canada.  Their  metamorphie 
character  and  peculiarities  of  structure.  Eozoon  Canadense,  its  nature, 
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stnictore,  and  mode  of  growth.  Agea  of  their  metamorphism^  and  the 
inflerences  to  he  drawn  firom  thiB. 

14.  Cambrian  and  Silurian  strata,  Cambrian  rocks  and  their  passage 
into  the  lingnla  flag  series.  Fossils  of  the  Cambrian  rocks ;  their  slaty 
deftTage  and  slate  quarries. 

homtr  Silurian, — lAngula  flags,  their  lithological  character  and  fossils. 
Tremadoc  slates,  their  hthologioJ  character  and  fossils.  Unconformity 
of  the  Uandeilo  and  Bala  beds  on  these,  and  break  in  the  succession  of 
life.  Uanddh  and  Bala  beds,  their  lithological  character  and  fossils. 
The  igneous  rocks,  lavas,  ashes,  &c.  associated  with  these. 

Upper  Silurian. — Llandovery  or  Pentamerus  beds,  their  fossils  and 
nnconfonnity  on  the  Lower  Silurian  strata,  and  partial  change  of  species. 
Remainder  of  the  Upper  Silurian  strata  of  the  Wenlock  and  Ludlow 
series,  their  characters  and  fossils.  First  appearance  of  fish.  Remains 
of  oliuits.  Reasonings  on  the  connexion  of  unconformable  stratification 
witn  partial  or  total  breaks  in  the  succession  of  species  and  genera  in 
time.  (This  may  be  applied  to  all  the  cases  of  unconformity  subse- 
quently noticed.) 

15.  Old  Red  Sandstone  and  Devonian  strata, — Passage  of  Upper 
Silurian  into  Lower  Old  Red  Sandstone  in  Wales  and  on  its  borders. 
Disappearance  of  the  life  of  the  Silurian  period.  The  land  that  existed 
in  Scfuidina^'ia  and  Britain  before  the  deposition  of  the  Old  Red  Sand- 
stone, and  round  and  on  which  the  Old  Red  beds  were  deposited.  Fish 
of  the  lower  .  Old  Red  Sandstone ;  their  distinctive  characters. 

Upper  Old  Red  Sandstone, — Lithological  characters,  fish,  shells,  and 
plants.  Unconformity  of  the  upper  on  the  lower  Old  Red  Sandstone^ 
and  approximate  or  actual  passage  of  the  former  into  the  Lower 
Carboniferous  strata.  Condition  of  the  waters  in  which  the  Old  Red 
Sandstone  formations  were  probably  deposited.  If  purtly  glacial,  and 
the  signs  of  this  ? 

Devonian  strata, — The  division  of  these  strata  commonly  made  into 
Lower,  Middle,  and  Upper  Devonian.  The  marked  difference  of  con* 
ditiona  of  denosit  shown  in  the  general  nature  of  their  fossils,  viz.,  the 
fish  of  the  Old  Red  Sandstone,  and  the  Corals,  marine  bivalve  and 
univalve  shells,  Cephaloi>oda  and  Trilobites  of  the  Devonian  strata. 
The  stratigraphical  relation  of  the  De^'onian  strata  to  the  Silurian 
rocks  of  Devon  and  Cornwall,  of  Germany,  and  North  America. 
The  relation  of  the  so-called  Upper  Devonian  beds  to  the  Carboniferous 
strata.  The  appearance  of  new  genera  and  species  in  the  Devonian 
locks.   The  plants  of  the  North  American  beds. 

16.  Carboniferous  strata, —  Succession  of  Carboniferous  strata  in 
Wales,  and  its  borders,  and  the  south  of  England,  viz.,  Ix)wer 
limestone  shale.  Carboniferous  limestone,  Upper  limestone  shale. 
Millstone  grit,  and  Coal-measures.  The  lithological  characters  of  ^ese 
and  their  fossils,  marine,  freshwater,  and  terrestrial.  The  manner  in 
which  the  beds  below  the  Coal-measures  were  accumulated.  The  manner 
of  the  formation  of  the  Coal-measures,  the  peculiar  strata  beneatii 
eack  (or  most)  beds  of  coal,  the  nature  of  the  plants  that  formed  the 
coal,  their  mode  of  growth,  and  the  cause  of  the  succession  of 
beds  of  coal  in  thick  series  of  strata.  The  gradual  passage  of  the 
Carboniferous  strata  into  a  set  of  beds  differently  arrangea  in  their 
stratification,  especially  in  their  lower  members,  proceeding  northwards 
throogh  Lancashire  and  Yorkshire  into  Northumberiand,  and  Scotland. 
The  physical  causes  that  produced  this  difference.  Also  the  absence  of 
certam  members  of  the  series  in  some  of  the  English,  and  in  part  of  the 
Scotch  coal  fields,  and  the  physical  phenomena  that  caused  this  absence. 
The  Carboniferous  series  as  developed  in  Ireland.  The  Carboniferous 
rocks  of  the  continents  of  Europe  and  North  America*  Their  resem- 
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bUmoes  to  those  of  the  BritiBh  islands ;  climate,  its  ayenge  nmfonnitjr  in 
space  and  time  during  this  epoch.  Tlie  surfiice  areas  occupied  by  the 
European  Carboniferous  strata  now.  The  areas  where  tiwr  may  be 
concealed  under  newer  formations.  The  areas  where  originally  framed, 
viz.,  which  thejr  spread  otct  before  reduced  to  their  present  limits  by 
denudation.  The  disturbances  of  the  Carboniferous  rocks,  and  the 
reasons  why  coal  fields  (like  parts  of  many  other  formationB)  so  often  lie 
in  banns.  Various  kinds  of  coal,  such  as  the  Tarieties  of  coal  oonunonly 
called  bituminous,  cannel  coal,  and  anthracite.  The  chemical  changes 
that  v^etation  underwent  in  its  passage  into  coal,  first  on  the  sarfue, 
and  afterwards  under  pressure.  The  passage  of  ''bituminous''  into 
anthracite  coal  and  the  probable  reason,  and  the  connexion  of  iJus 
subject  with  hiffhlv  disturbed  areav.  Specialitiee.  Development  of 
Crustacea  of  the  Carboniibrous  rocks  as  distinguished  from  those  of  ih» 
Devonian  and  Silurian  periods.  Prevalence  of  certain  genera  of 
brachiopoda  and  eonchifera,  and  relative  proportions  of  these  in  l^e 
Carboniferous  rocks  when  compared  with  older  formations.  Fish  and 
reptiles  of  the  Carboniferous  rocks.  Footprints,  rain  drops,  land  shells, 
and  insects,  and  what  they  indicate.  Ironstones.  Mineral  rtma  in 
(krboniferous  limestone  series. 

17.  Permian  formatums, — Succession  of  these  in  Britain,  Gennany, 
and  Russia.  Ist.  The  Rothliegende,  its  structure,  and  the  evidences 
the  glacial  agencies  by  which  parts  of  it  were  deposited.  2nd.  Tlie 
Kuperschiefer  of  Germany  and  Marie-slate  of  England,  inth  mineral 
contents,  fish,  &c.  drd.  The  Magnesian  limestone  (Zechstein),  its 
mineral  character  and  composition;  its  fossils;  evidence  of  their 
palaeoxoic  character,  partial  community  of  species,  and  numbers  and 
size  when  compared  with  the  genera  and  species  of  the  Carboniferous 
Ihnestone.  Cause  of  this.  Unconformity  on  the  Carboniferous  and 
older  rocks;  submersion  of  old  lands  during  its  deposition;  bearing 
of  this  on  conglomeratic  and  brecciated  structure  of  the  Rothliegende 
and  the  general  development  of  the  life  of  the  period,  including  plants 
and  reptiles. 

B. — ^KeaoBoto  or  Seooadary  Barlea. 

Lower  Mjssosoie. 

18.  Divisions  of  Trias,  or  New  Red  Sandstone  series  (see /i,  p.  91). — 
Unconformity  and  great  break  in  succession  of  life  in  passing  nom  Per- 
mian to  New  Red  Sandstone.  Great  development  of  concfaiien  aad 
decrease  of  genera  of  brachiopoda.  The  relation  of  this  to  lapse  of  time, 
as  shown  by  unconformity,  and  continued  prevalence  in  later  times  of 
many  of  these  early  Mesozoic  types.  The  generally  unfosriliferous 
character  of  the  New  Red  Sandstone  beds  (Bunter),  and  thdr  minor  divi- 
sions in  England.  The  absence  in  England  of  the  MuJchelkalk,  and  its 
presence  on  the  Continent.  Its  fossils  (see^,  p.  87).  The  minor  divisions 
of  the  New  Red  Marie  (Keuper).  Its  fossil  plants  and  reptile  bones  and 
footprints.  Microlestes.  Rain  drops.  The  rock  salt  of  this  formation, 
and  how  it  was  deposited.  Theory  of  inland  salt  lakes  or  seas  of 
present  day,  and  the  bearing  of  this  and  of  the  above-named  marks 
of  rain  drops  and  footprints  on  the  point.  New  Red  Sandstone  of  the 
United  States,  and  numerous  footprmts  of  reptiles  and  impressions  of 
bird-like  feet.  Gypsum.  Those  parts  of  the  British  islands  tiiat  formed 
land  before  and  during  the  New  Red  Sandstone  period, 

19.  BJuetie  or  Penarth  Btfiif.— Intermediate  between  New  Red  Marie 
and  Lower  Lias.  Gradual  passage  of  nearly  unfossiliferous  red  nua-les 
into  these  more  fossiliferous  strata.   Character  and  names  of  some  of 
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the  oommon  fbssila,  each  as  AmcuUt  ecmiarta,  Cardwm  BJusticum,  &c: 
Their  affinities  with  Loassic  forms  and  conformable  passage  into  that 
fonnation  in  Britain. 

20.  lAas  formations  and  OoKtes,  (Jurassic  of  the  Continent). — Names 
of  the  several  formations  of  the  Lias  and  Oolites  between  the  Lower 
Lias  and  the  Portland  Oolite  in  serial  order^  and  their  grouping  *  into 
Lower,  Middle,  and  Upper  Lias  and  Oolite.  Lithological  characters  of  the 
Liassic  formations.  Fossils  of  the  different  formations.  Plants  and  insects. 
Corals,  brachiopoda,  conchifera,  gasteropoda,  cephalopoda,  echinoder- 
mata,  orustacea,  fish,  and  reptiles.  The  distinctive  characters  of  some 
of  these,  their  relative  numbm  compared  with  the  same  classes  in  the 
PklseoEoic  rocks.  Nature  of  the  connexion  of  the  Lias  with  the 
Inferior  Oolite.  Lithological  characters  of  the  Oolitic  formations  and 
their  uses.  Marine  fossils  of  the  different  formations  of  the  above-named 
classes ;  also  mammalia.  Evidences  of  the  existence  of  older  land  in 
tiie  neighbourhood  of  the  laassic  and  Oolitic  seas,  and  of  the  climate 
of  the  period  drawn  from  plants  and  animals.  Names  of  the  most 
diaracteristic  genera  of  Lias  and  Oolites,  especially  with  reference  to  their 
prevalence,  such  as  the  names  of  the  prevalent  genera  of  brachiopoda, 
oondiifera,  gasteropoda,  and  cephalopoaa,  echinodermata,  Crustacea,  fish^ 
and  reptiles.  Jurassic  strata  of  the  Continents  of  Europe  and  Asia. 
The  Jura  and  the  Alps,  and  the  fossils  of  Solenhofen.  Disturbance  and 
metaraoiphism  of  Jurassic  strata.  Names  of  some  of  the  spedes  charac- 
teristic of  some  of  the  formations,  and  extent  of  the  community  of 
species.  Contrast  the  life  of  these  epochs  with  similar  developments  in 
Palseoaoic  epochs. 

21.  Purbeck  and  Wealden  strata, — ^Their  general  fresh-water  nature 
and  marine  interstratifications.  Extent  of  these  formations  in  England 
and  on  the  Continent.  Their  characters  and  thickness.  Fossils  of  the 
Porbeck  strata.  Plants,  land^insects,  mammalia,  fish,  reptiles,  univalve 
and  bivalve  shells,  and  crustaoea.  Fossils  of  the  Wealden  formations  as 
above.  Evidences  of  the  upheaval  of  extensive  continental  land  of  the 
neriod,  and  the  manner  in  which  the  Purbeck  and  Wealden  beds  were , 
deposited. 

UfPSR  Mjssoxoic. 

22.  Cretaceous  series. — Description  of  the  British  divisions  and  sub- 
divimons.  Their  lithological  cnaracters  and  passage  of  Weald  clay 
into  Lower  Cretaceous  b^s  in  the  Wealden  area  and  Isle  of  Wight. 
Fossils  of  the  formations  noticed  in  the  same  wgv  as  those  of  the  Oohtic 
stnta.  The  Chalk,  by  what  organic  bodies  chieny  formed.  Comparison 
with  similar  deposits  forming  in  existing  oceans.  Nature  of  flints 
interstratified  with  chalk,  and  vein  and  tabular  flints.  Resemblances 
and  differences  of  the  genera  and  species  of  the  Oolitic  and  Cretaceous 
epochs,  and  the  bearings  these  have  on  lapse  of  time  between  the 
depontion  of  the  Portland  Oolite  and  the  commencement  of  the  Ather- 
field  day.  Continental  Cretaceous  geology  generally.  Hippurite  lime- 
stone. Upper  Cretaceous  rocks  unknown  in  Britain.  Maestricht 
beds  and  Chalk  of  Faxoe  in  Zeeland,  Denmark.  Upper  Cretaceous  beds 
and  flora  of  Aix-la-Chi4)elle.  Cretaceous  strata  of  North  and  South 
America.  , 

Bi — CalaoBOlo  or  Tertiary. 

23.  Eocene  or  Lower  Tertiary, — ^Meaning  of  the  iermn  Eocene,  Mio- 
cene, and  Pliocene  as  used  by  Sir  Charles  Lyell.  Grouping  of  greater 
divisions  and  subdivisions  of  the  English  and  French  strata  as  usually 
ipven  in  manuals.   Areas  occupied  by  the  English  and  French  Eocene 
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strata.  Evidence  of  the  upheaval  of  the  Chalk  and  older  strata  of 
Western  Europe  before  the  Eocene  period.  Fossils  of  the  Thanet  sand 
and  Woolwich  and  Reading  beds,  or  the  London  clay,  Bagshot,  Brack- 
lesham,  and  Barton  beds,  and  of  the  Isle  of  Wight  and  Hampshire 
strata  from  the  Headon  to  the  Hempstead  beds  indusive;  viz.,  plants^ 
foraminifera,  brachiopoda,  conchifera^  and  gasteropoda,  marine,  estoa- 
rine,  and  fresh-water;  cephalopoda,  echinodermata,  <arripedia»  Crus- 
tacea, fish,  reptiles,  birds,  and  mammalia.  The  evidence  shown  1^  tiiese 
of  the  manner  in  which  the  different  fonnations  or  parts  of  formations 
were  deposited;  1st,  into  three  broad  divisions,  estuarine  and  fluvio- 
marine  oelow ;  marine  in  the  middle ;  and  fresh  water,  estuarine  and 
fluvio-marine  above.  Evidences  of  land  and  its  nature  drawn  from 
plants  and  from  mammalian  remains.  Plants  of  the  various  subdivisiona, 
and  association  of  plants  in  Hempstead  series  with  Eocene  shells  of  lower 
beds.  The  nummulitic  beds  of  England,  the  Continent  of  Europe, 
Asia,  and  Africa.  Evidences  of  climates  of  Eocene  times  as  indicated 
by  shells,  reptiles,  and  plants,  &c.  Original  extension  and  subsequent 
denudation  of  Eocene  beds  in  Britain.   Denudation  of  the  Weald. 

24.  Miocene  or  Middle  Tertiary  strata, — British  Miocene  strata  and 
igneous  rocks.  Fossils  of  and  nature  of  the  strata.  French  marine 
and  fresh-water  and  igneous  rocks.  Their  fossils  and  the  mammalia  of 
the  period.  Miocene  beds  of  the  Rhine,  Switzerland,  Bohemia,  and 
other  parts  of  the  Continent  of  Europe.  Their  divisions,  h'tholo^fical 
characters,  and  fossils.  The  Alps  and  other  lands  before  the  Miocene 
epoch,  and  the  manner  in  which  the  Swiss,  Italian,  and  other  Miocene 
rocks  were  deposited.  Theoiy  of  a  glacial  episode  during  Miocene  times. 
Mammalia.  The  Miocene  insects  and  flora,  especially  of  the  British, 
Swiss,  Icelandic,  and  Arctic  regions.  Brown  coal  of  England  and  the 
Continent.  Disturbances  of  the  Alps  and  Jura  before  and  after  the 
dose  of  the  Miocene  epoch.  Miocene  rocks  of  India  and  the  United 
States  and  their  fossils. 

25.  Post-Pliocene  Strata,  Crag,  A-c. — (See  id,  j).  88)  and  in  addition 
proofs  of  Britain  having  been  joined  to  the  Continent  before  tiie  Cn^ 
epoch. 

26.  Glacial  period  and  other  Strata  later  than  the  Crag, — Old  land 
Bur&ce  of  Britain  later  than  the  Crag  and  Forest  beds.  Their  planti, 
mammalia,  and  shells.  The  Glacial  period.  Great  glaciers  before  the 
deposition  of  the  boulder  drift  in  the  northern  and  southern  hemi- 
spheres generally,  and  in  Switzerland  and  other  mountain  ranges  specially. 
The  signs  of  this.  Boulder  beds  and  arctic  shells.  Minor  glaciers  during 
and  a^r  the  deposition  of  the  boulder  beds.  Their  signs.  Erosion  of 
valleys  by  ancient  glaciers.  Theoir  of  the  formation  of  rodt-bound 
basins  by  glaciers  and  of  other  lakes  by  boulder  beds  and  eskers  or 
kaims.  General  nature  of  the  fiiuna  of  the  period.  Union  of  the 
British  islands  and  their  union  with  the  continent  before  and  after 
the  glacial  epoch.  Theories  of  the  causes  that  produce  this  gladtl 
period  and  of  fflacial  periods  in  general.   Volcanic  rocks  of  the  Eifiel. 


alluvia  of  various  ages.  Mammalian  and  other  bones  in  these  in  Eorope, 
Asia,  and  America.  Bone  caves  and  the  manner  of  the  preservation  of 
their  fossils.  Relics  of  num  and  his  works  in  caves,  river  depoaita!,  shell 
mounds  of  Denmark,  &c.,  and  in  Swiss  and  other  lakes.  Contours  of 
ground  before  and  after  the  glacial  period.  Pre-gladal  and  post-glacial 
valleys. 

27.  Theories  that  have  been  proposed  to  explain  the  distribution  of 
life  in  individual  formations  and  throughout  ^e  whole  geological  series, 
or  the  origin,  increase,  distribution,  and  disappearance  of  species  and 
genera  commonly  so  called.    The  relations  of  the  life  of  sucoessiTe 
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foniiations  to  each  other  genenllv.  Relations  of  existing  &unM  and 
floraa  of  the  world  to  those  of  Mioeene,  PUooencej  and  Post-pliooene 

28.  Water-bearing  strata  and  nndergroond  drainage.  Artesian  and 
other  wells.  Rocks  in  which  ores  are  round,  and  mode  of  oocorrenoe 
of  those  in  beds,  lodes,  and  superficial  detritus.  The  rules  that  ought 
to  guide  the  miner  in  sinking  for  coal  and  other  minerals,  when  the 
beds  in  which  they  lie  are  concealed  by  overiying  and  unconfonni^ 

Examination  pgr  Honours* 

In  addition  to  tiie  foregoing,  candidates  may  be  ezammed  in  any  sab» 
jeetstraated  of  in  standanl  manuals  and  other.books  mentioned  bdow. 

Trxt  Books. 
The  fcAowingmay  be  used  as  text-books 

Primeiplei  qf  Otology,  by  Sir  C.  Lyell,  2  vols.,  8vo.,  32$. 

(London,  Murray,  10th  ed.,  1868.) 
SkmaUs  qf  Geology,  by  Sir  C.  Lydl,  8yo.,  ]8#. 

S London,  Munay,  6th  ed.,  1868.) 
.  B.  Jukes,  8vo.,  I2f.  6tf. 
(London,  Longman,  2nd  ed.,  1862.) 
The  School  Mtmrndl  of  Otology,  by  J.  B.  Jukes,  l2mo.,  4s. 

(London,  Longman,  1863.) 
Inirodmaory  Tegt-hook  of  Otology,  by  D.  fWe»  8to.,  2t. 

(Edinburgh,  Bladtwood,  7th  ed.,  1867.) 
AthoMCtd  Text-book  qf  Otology,  by  D.  Page,  8vo.,  7s.  6d. 

(B£nbuigh,  Blackwood,  4th  ed.,  1867.) 
Thftieal  Qtography  and  Otology  of  Ortoi  Briiaim,  by  A.  C.  Ramsay, 
8to.,  5s.  (London,  stamped,  2nd  ed.,  1864.) 

Popwlar  Phyneal  Otology,  by  J.  B.  Jukes,  16mo.,  5«. 

(London,  Routledge,  1866.) 
TM-book  of  Otology,  by  J.  D.  Dana,  12mo.,  7s.  6d. 

(Philadelphia,  1864.) 

Mmmal  of  Otology,  by  J.  D.  Dana,  8vo.,  21«.     (Philadelphia,  1863.) 
A  HmMook  qf  Oeologieal  Terms,  If  D.  Page,  8vo.,  7s.  6J. 

(Edinburgh,  Blackwood,  2nd  ed.,  1865.) 
Rtcent  and  FotsU  SktUs,  by  S.  P.  Woodward  (Weale's  series),  18mo., 
5s.  6d.  (London,  Weale,  1851.) 

Glo$$ary  ofMmeralogy,  hy  H.  Bristow,  8yo.,  6f. 

(London,  Longman,  1867.) 

Other  books  that  may  be  consulted 

Sikaria,  by  Sir  R.  I.  Murduson,  8to.,  dOs. 

(London,  Munay,  4th  ed.,  1867.) 
Q^ologieal  Obttntr,  by  Sir  H.  De  la  Beche,  8yo.,  18s. 

(London,  Longman,  1853.) 
Voyage  of  a  Nataralisi  round  tht  World,  by  C.  Darwin,  8yo.,  8s.  6d. 

(London,  Murray,  1845.) 
7%e  Origm  of  Spteitt,  by  C.  Darwin,  8yo.,  15s. 

(London,  Murray,  new  ed.,  1866.) 
CaMognt  ofBritUh  FouOt,  by  J.  Morris,  8vo.,  10s. 

(London,  Van  Voorst,  1843.) 
Chart  qf  tht  Charaettrittie  British  Ttrtiary  Fossils^  by  J.  W.  Lownr, 
mountod  on  linen,  10s.  (London,  Stanford.) 

Chart  qf  tht  Genera  of  FossU  Crustacea,  by  J.  W.  Salter  and  H. 
Woodward,  mounted,  10s.  6<l.  (London,  Stanford.) 
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SUBJECT  XIII.— MINERALOGY. 


FiRBT  Staoe  OB  Elemvntary  Coubsx. 


A.  Instruction  in  this  subject  should  commence  with  a  diatinct 
understanding  of  the  characters  and  drcumstancea  by  which  minoiJb, 
properly  so  odled,  are  to  be  distinguished  from  other  inorganic  sub- 
stances, and  of  the  position  of  this  science  in  relation  to  the  ooUatenl 
•maeneca  of  physics,  chemistry,  and  geolosy.  Defimtknifl  of  a  min^, 
a.*ciry8tal,  and  of  the  conditions  termed  eiystalline  and  amoiphoaii 
Occurrence  of  other  more  or  less  regular  forms  not  crystals.  Distinction 
of  compound  masses  or  mixtures  of  mincmls. 

B.  CrystaUogrcmhy,  as  the  essential  means  of  appreeiatlDg  tiie  foBOt 
naturally  assume^,  under  favourable  conditions,  b^  almost  2i  maitg^aac 
bodies  definite  composition,  must  commence  with  the  needful  defini- 
tions ;  faces,  edges,  and  solid  angles ;  plane  figures  of  three,  fiMir,  five, 
-six,  and  eight  sides ;  the-  nameff  and  chief  features  of  the  more  important 
geometrical  solid  figures  which  occur  among  crystals ;  the  ol^ect  of 
.referring  the  faces  to  gyatoikifl  of  axes,  and  the  various  direetioof  in 
which  these  may  be  placed. 

Method  of  drawing  crystals  isometrically. 

Relation  of  i^e  hemihedral  to  holohedral  forms* 
'   The  grounds  for  groupmfr  the  various  crystal  forms  into  six  s^stans. 

Laws  bv  which  the  denvation  of  one  form  from  ano&er  withm  the 
limits  of  the  same  system  is  deiermined. 

Complex  ox  modified  ciystals  may  be  regarded  as  combinatiani  of  the 
faces  of  two  or  more  simiwie  forms. 

The  leading  figures  of  the  six  systems  to  be  studied,  with  firequent 
•phMce  in  drawing. 

Twin  crystals  and  hemitropes;  the  relaitiva  poeitioB  of  the  axes  of 
their  aeverat  portions. 

.  Irregularities  to  which  the  suiflBMse  of  crystal  fiikoes  is  anl^eo^  ootrin 
angular  elements  remaining  constant ;  measurement  of  tiiese  latter  br 
jnAruments.  Principles  of  the  contaet  goniometer  and  of  WoUaston's 
.goniometer. 

C.  AggregaiUm,  or  natural  grouping  of— Istl^,  the  distinetiy  oystal- 
Used  minerals ;  2ndly,  of  the  crystalline  minerals,  especially  with 
reference  to  structure  and  general  form  of  masses  of  the  useful  nunerals 
and  of  crystalline  rocks. 

D.  Other  phygical  fyroperto.— The  deavage  of  eryataffiaed  snbsUacfi, 
and  its  relalaon  to  crystalline  form.  Fracture,  its  various  charsctoi. 
Comparative  hardness,  how  best  determined.  Difforait  qoditieB  of 
tenacity.  Specific  gravity  of  solids,  how  determined;  the  balance,  tiie 
areometer. 


attracted  by  a  magnet,  and  w^t  is  the  comparative  mteMty  of  the 
effect.  Polarity.  Influence  of  certain  minerals  disseminated  in  rocks  on 
the  correctness  of  surveys. 

Peculiarities  of  smell  and  of  taste  which  distinguish  a  limited  number 
of  minerals. 

£.  Optical  characters. — Single  and  double  refraction,  and  thcff  rda- 
tbn  to  certain  crystallographi<»J  systems. 
I>ifferent  degrees  of  lustre  and  transparency. 
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Colom  esBential  in  Bovne  tpedes,  not  so  in  othen;  Tariedes  of  colour, 
how  far  thej  are  ci^ble  of  aefinition. 

Phoaphoreflcence  aa  produced  hy  different  methods  and  exhibited  by 
certain  minonls. 

F.  Chemical  eharaeten. — Simple  or  elementair  substances ;  some  of 
them  occur  as  minerals  ;  their  symbols  and  the  aerivation  of  the  same. 
Bquivalents;^  chemical  combinations;  principal  groups  of  these  occur- 
linff  in  the  mineral  kingdom. 

dimorphism  of  particular  substances,  accompanied  by  a  difRerence  in 
other  physical  characters  besides  form. 

The  employment  of  adds  in  the  discrimination  of  minerals. 

The  hlowpipe,  its  form  and  uses ;  the  reducing  and  the  oxidising 
flames.  Trial  of  comparative  Visibility,  of  the  colour  given  to  the 
flame,  the  incrustation  on  charcoal ;  the  effects  of  fusing  various  metallic 
oxides  with  beads  of  borax  glass. 

Pse9idomorphim.^lLhe  phenomena  presented  bv  minerals  which  have 
the  composition  of  one  mineral  coupled  with  tne  form  of  another. 
Analogous  action  of  fossilization  or  petrifaction. 

G.  €ieDeni  reqnuements  of  a  ifyatem  of  elaaaification  of  minerala. 

H.  Hie  phvsioffTiiphy  or  svotenia^  desoription  of  minerals.  This 
last  division  should  include  aU  the  more  remaricable  varieties  as  well  aa 
species,  and  shotdd  take  especial  note  of  the  modes  and  places  of  ooour* 
renoe,  as  well  as  of  the  association  of  particular  groups  of  minerals  m 
certain  veins  or  formations.  Vague  statements,  suoh  as  giving  the 
the  locflfity  of  a  mineral  Germany  or  North  America,"  ahonld  be 
eschewed. 

It  would  not  be  esrpected  that  the  elementary  eoniee  should  indude 
the  description  of  the  rarer  substances,  or  of  those  speeies  i^ose 
eharactera  are  not  jet  well  ascertained,  but  attention  should  ehie^  be 
given  to  those  species  which  fbrm  the  constituents  of  roeks  and  those 
which  aa  ores  supply  the  materials  for  the  production  of  the  usefoi 
metals. 


SscoND  Stags  or  Advanced  Coursk. 

A.  Discussion  of  the  relation  of  true  minerals  to  other  inorganic  sub* 
stances,  and  how  far  bodies  of  organic  origin  may  be  classed  among 
minmls. 

B.  The  dependence  of  symmetry  in  crystal  forms  on  the  axial  system. 
The  crvstaUographical  value  of  a  fsoe  is  the  same  as  that  of  anj  plane 
panlld  to  it,  on  the  same  side  of  the  centre  of  the  aystal.  Position  of 
tile  normals  to  a  ftkce.  The  methods  of  indicating  the  faces,  and  thence 
the  entire  forms  of  crystals  bv  symbols.  Drawing  of  a  sphere  of  pro- 
jection in  which  the  poles  of  the  crystal  faces  may  be  snown.  Con* 
venience  of  representing  in  a  great  circle  the  poles  of  a  zone  of  hcea. 
The  magnitude  of  the  angle  between  the  normals  being  the  supplement 
of  the  mutu^  inclination  of  the  planes,  the  first  kind  of  measurement 
(Le.  between  the  normals)  is  adopted  by  certain  authors,  and  is  easily 
reducible  into  tibe  other  kind,  statement  of  the  angular  and  linear 
dimensions  requiring  to  be  determined  for  the  description  of  the  simple 
forms  of  aU  the  systems  after  the  cubical. 

Twin  crystals,  the  twin  plane,  and  twin  axes ;  examples  of  their  pod* 
tion  in  important  minerals  of  the  several  systems. 

C.  Reticulated,  wiry,  and  capillaiy  forms,  explanations  suggested  for 
their  formation.   Other  peculiarities  in  grouping. 
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D.  Theprmulingdirectbnsof  desvageintheBera^ 
cal  systems. 

Detenninatioii  of  the  specific  gravity  of  a  substanoe  oontsined  in  a 
mechanical  mijcture. 

Electricity;  by  what  means  this  propeity  is  exhibited  in  diffiezent 
minerals. 

E.  Refraction  of  light ;  different  positions  of  the  ordinary  and  exin- 
ordinary  ray  in  doubly-refracting  bodies.  Optic  axes  of  a  crystal,  their 
variation  in  diffSerent  species  of  minerals. 

Polarised  %ht«  its  connexion  irith  double  refraction.  Constmctoi 
of  the  polariscope. 

Dichroism  and  pleochroism,  a  remarkable  property  of  some  few 
minerals. 

F.  Character  of  the  chemical  composition  of  the  more  complex 
minends. 

The  electro-negative  element  in  chemical  combinations  has  the  pie- 
ponderating  effect  in  influencing  the  external  character. 

Isomorphism,  as  shown  by  Mitscherlidi,  to  result  from  a  group  of— 
1st,  isomorphous  adds ;  2nd,  of  isomorphous  bases.  Pobpieric  isomor- 
phism of  Scheerer;  its  meaning,  and  the  argmnents  in  its  hvoar. 
Vicarious  or  irregular  replacement  among  one  another  of  iaomorpfaous 
constituents. 

Testing  of  minenla  in  the  moist  way  simply  practicable  for  qualitative 
purposes. 

iWtment  of  various  metallic  eves  before  the  blow-pipes. 

Fseudomorphous  substances  as  arranged  in  groups  aooor^ng  to  the 
nature  and  degree  of  change  they  have  undergone. 

Discussion  of  anogenic  and  katcjgemc  pseudomorpfas,  or  those  which 
have  been  produced  above  by  oxioixing,  and  below  by  reducing  pro- 
cesses respectively. 

Extension  of  pseudomorphous  action  on  a  large  scale  to*' gosaana" 
and  to  geological  formations. 

G.  Methods  of  classification  as  proposed  by  the  leading  authors  in 
mineralogy.  Review  of  the  difficulties  caused  in  daasification  by  the 
occurrence  of  the  isomorphous  substances. 

Discussion  of  the  means  of  defining  a  spedes  among  minerals. 

H.  Species  and  varieties  of  minerals  as  described  in  the  best  manuals. 
Their  occunenoe  under  various  drcumstanoes  to  be  particulariy  studied. 
The  dianges  in  composition  wrought  by  nature  (pseudomorphous  action}, 
bv  which  one  species  is  converted  into  another,  and  the  essential  jKnnti 
of  diflierence  between  spedes  much  alike  in  certain  characters,  wiU  be 
hdd  of  much  importance  in  dealing  with  the  minerals  of  spedal  value 
or  interest.  It  is  not  expected  that  the  memory  should  he  charged 
with  the  details  of  substances  of  very  rare  occurrence,  or  of  doubtfdl 
independence  as  spedes. 

Examination  pob  Honoubs. 

The  questions  will  as  a  general  rule  be  such  as  are  embraced  in  fhe 
above  syllabus,  but  candidates  will  be  required  to  prove  a  practicsl  a&* 
quaintance  with  minerals  and  with  crystal  forms,  and  will  need  to  have 
studied  some  of  the  more  advanced  works  mentioned  bdow. 

Text  Books. 
As  text-books  may  be  rMmmended— 

Elementary  Caune  of  Mineralogy  and  Geoloay,  by  D.  T.  Awted, 
8to.,  12f.  (London,  Van  Voorst,  1856.J 
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Elements  of  JUmeraJogy^  by  Jas.  Niool,  \2mo,,  St. 

(London^  Longman,  new  ed.,  1868.) 
Manual  ofMmeraloffy,  by  J.  D.  Dana,  8vo.,  7«.  6<f. 

(New  York,  new  ed.,  I860.) 
Gfoffory  qf  BUnerqlo^,  by  H.  W.  Bristow,  8yo.,  Se. 

(London,  Longman,  1867.) 
Tie  JIBneralogUfs  Directory,  hy  Townshend  Hall. 

(London,  Stamford,  1868.) 

For  more  adyanced  atadenta — 

Elementary  Itdroditetum  to  Mineralogy,  hy  firooke  and  Miller.  8yo. 
18f.  (London,  Simpkin,  1852.) 

CrystaUography,  by  Rev.  W.  Mitchell,  in  Orr'a  "  Ctrele  ^  the 
SeieneesJ*   8vo.   3t.  (London,  Griffin.) 

System  of  Mineralogy,  by  J.  D.  Dana^  8ro.,  d6f. 

(New  York,  5th  ed.,  1868.) 
LUroduction  to  the  use  of  the  Blowpipe,  hy  Scheerer,  translated  by 
H.  Blanford.  (London,  WiUiama  and  Norgate,  1856.) 

Elemente  der  Mineralogie,  von  C.  F.  Naomann,  8yo,  9«. 

(Ldncig,  £ngelmann,  7th  ed.,  1868.) 
Paragenesis  der  Mineralien,  von.  A.  Breitiiaupt,  8ro.,  5f .  6d. 

(FMberg,  ^igelhardt,  1849.) 
Handbneh  der  Mineralogie,  von  W.Haidinger,  8vo.,  lOs. 

(Vienna,  Branmiiller,  new  ed.,  1865.) 
Mmmel  de  Min&alogie,  par  Des  Gloiaeanx,  Tome  L,  8vo.,  17«. 

(Paris,  Dunod,  1862.) 

Manmal  of  the  Mineralogy  of  Great  Britain  and  Ireland,  by  Greg  and 
Lettsom,  8vo.,  15t.  (London,  Van  Voorst,  1858.) 

When  it  is  intended  to  teaoh  l^is  subject  with  special  reference  to  the 
practical  working  of  minerals,  the  physicM^raphical  part  will  be  occupied 
more  particularly  with  certiun  of  the  useml  species  and  their  assodated 
aubfitanoea,  and  the  following  works  may  be  consulted 

The  Metalliferous  Deposits  of  Cornwall  and  Devon,  by  W.  J.  Henwood.. 
1843. 

BUehqf*s  Chemical  and  Physical  Geology,  translated  by  the  Cavendish 
Sodi^,  2  vols.,  8vo.,  2U.  (London,  1854.) 


SUBJECT  XIV.--ANIMAL  PHYSIOLOGY. 

FiBST  Stags  or  Elbmbntary  Ck>UR8B. 
Questions  win  be  confined  to  the  under-mentioned  topics. 

A.  Anatomical  Prbliminaribs. 
The  general  build  of  the  human  body. 

Hie  meaning  of  the  terms  skull,  vertebra,  rib,  sternum;  seapula, 
davkle,  humerus,  radius,  ulna,  carpus,  metacarpus,  phalanges  (or  the 
band) ;  pelvis,  femur,  tibia,  fibula,  tarsus,  metatarsus,  phalanges  (of  the 
foot) ;  integument,  mucous  membrane,  connective  tissue,  tendon,  liga- 
ment, cart^ige,  muscle,  nerve. 

The  position  in  the  body  and  the  general  form  and  size  of  the  follow- 
ing  internal  parts : — ^The  brun  and  spinal  cord ;  the  pharvnx,  the  gulled 
stomach,  ana  intestines ;  the  salivary  glands,  the  liver  ana  pancreas ;  the 
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posterior  nam,  the  larynx,  trachea,  and  lunffB ;  the  kidneys  and  Uadder; 
tiie  heart  and  the  great  vessels ;  the  thoracic  duct,  and  the  chief  lymphatic 
glands ;  the  spleen ;  the  diaphragm. 

B.  Chbmical  Prsliminaribb. 

The  composition  of  air,  water,  carhonic  acid,  and  ammonia. 

The  chemioftl  elements  of  which  protdn,  fa,t,  and  sugar  are  composed. 

The  nature  of  the  most  important  mineral  compounds  which  are 
formed  in  the  hody. 

The  ultimate  chemical  products  of  the  dAsay  and  putrefMstion  of  tiie 
dead  body. 

C.  Gknbral  View  or  thk  Animal  Body  in  Action. 

The  evidence  that  the  body  constantly  wastes  during  life;  the  nsture 
of  the  waste  products,  and  of  the  compensation  for  waste ;  the  esiential 
characters  of  food  stuffs. 

The  part  played  hj  oxygen  in  the  economy. 

The  number,  position,  and  uses  of  the  sensory  organs. 
'  The  nature  of  cilia  and  the  movements  to  which  &ey  give  rise. 

The  physiological  properties  of  muscular  tissue. 

The  modes  m  which  muscles  give  rise  to  movements  and  sustain 
the  body  in  the  erect  posture. 

The  physiological  properties  of  nervous  tissue. 

The  general  functions  of  the  brain  and  of  the  spinal  cord. 

Local  and  general  death. 

D.  Special  Physiology. 
a.  The  eirculatoty  Orga/M. 

The  arrangement  of  the  chambers  of  the  heart  and  of  its  valves. 

The  general  di£Rerences  between  arteries,  veins,  and  capillaries. 

The  course  of  the  circulation  of  the  blood  and  the  reasons  why  the 
blood  moves  only  in  one  direction. 

The  meaning  of  the  beat  of  the  heart,  of  the  pulse  in  the  arteries,  sod 
of  the  jet-like  flow  of  blood  from  a  cut  artery. 

The  evidence  of  the  circulation  obtainable  in  fhe  living  body. 

h.  The  Blood. 

The  phenomena  presented  by  blood  drawn  from  the  body. 
The  general  nature  of  the  corpuscles  of  the  blood. 
The  general  composition  of  the  blood. 
The  difference  between  blood  and  lymph. 

c.  RespvraHon  and  other  processes  which  modify  the  conditum  qfthe  Blood, 

The  obvious  differences  between  arterial  blood  and  venous  blood. 
How  venous  blood  can  be  converted  into  arterial  blood  out  of  tiie 
bodv. 

How  and  where  venous  is  converted  into  arterial  blood  in  the  body. 
How  the  air  which  leaves  the  lungs  differs  from  that  which  eoien 
them. 

The  general  nature  of  the  respiratory  movements. 
.  The  course  of  the  air,  when  breathing  takes  place  through  the  nose. 
The  conditions  which  give  rise  to  asphyxia. 
The  essential  composition  of  the  urine. 

The  general  structure  of  the  apparatus  by  which  its  separation  from 
the  blood  is  effected. 
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Ill: 


The  easential  composition  of  the  sweat. 
Hie  general  structiue  and  functions  of  the  skin. 
The  manner  in  which  the  blood  enters  and  leaves  the  liver. 
The  products  yielded  by  the  liver  to  the  blood  directly^  and  through 


The  chief  characters  of  the  bile.   The  use  of  the  gaU-bladder. 
The  source  of  the  heat  of  the  body.   The  manner  in  which  the  tezn- 
pentiire  of  the  body  is  di^buted  and  regulated. 


The  quantity  of  dry  solid  and  gaseous  aliments  required  daily  by  an 
adult  man. 
The  classification  of  food  stuib. 
The  economy  of  a  mixed  diet. 

What  becomes  of  proteid,  fatty^  amyloid^  and  mineral  food  stufps 


The  nature  and  functions  of  the  salivary,  gastric,  and  pancreatic 
secretions. 

The  manner  in  which  nutritive  matters  are  absorbed,  and  innutritions 
matters  excreted,  from  the  alimentaiy  canal. 


Die  different  kinds  of  leven  and  thor  exemplifications  in  the  body. 
.  Tlie  nature  of  joints,  with  examples  of  ball  and  socket,  hinge  a: 
pivoi-joints. 
The  conditions  of  the  production  of  the  voice. 
The  diiference  between  voice  and  speech. 


The  general  structure  of  the  organ  of  touch. 

The  means  of  measuring  the  acuteness  of  the  sense  of  touch  in  different 
parts  of  the  body. 

The  general  structure  of  the  oigans  of  taste  and  of  smell. 

The  external  auditorv  passage  and  the  tvmpanic  membrane. 

The  tympanum  and  how  it  opens  into  the  pharynx. 

The  cham  of  ear  bones  and  their  connection  on  the  one  hand  with 
the  ^rmpanic  membrane,  and  on  the  other  with  the  membrane  of  the 
fenestra  ovalis. 

The  form  of  the  membranous  labyrinth  and  of  the  cochlea.  The 
nature  of  the  endolymph  and  perilvmph  and  of  the  otoconia.  The  rela* 
tion  of  the  auditory  nerve  to  the  labyrmth. 

The  manner  in  which  the  impact  of  sound-waves  on  the  tympanic 
membrane  afliscts  the  auditory  nerve. 

The  eyelids,  and  the  manner  in  which  they  are  moved.  The  lachnr* 
mal  apparatus.  The  form  of  the  eyeball}  its  general  structure^  and  the 
fonctions  of  its  component  parts. 

The  manner  in  which  the  movemetits  of  the  eyeball  are  effiscted. 

The  blind  spot.  The  duration  of  luminous  impressions.  Colour- 
badness. 


d.  Alimentation, 


e.  Animal  Mechanics, 


/.  T%e  Senses  and  their  Organs* 


g.  The  Nenxms  System. 


Hie  diffbrence  between  the  cerebro-spinal  and  the  svmpathetic  systems. 

Hie  nature  and  functions  of  tiie  roots  of  the  spinal  nerves. 

The  evidence  that  the  spinal  cord  is  capable  ot  effecting  reflex  actios 
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The  nature  and  functions  of  vaso-motor  nerves. 
The  most  important  functional  peculiarities  of  the  medulla  oblongsU. 
The  evidence  that  the  higher  faculties  of  the  mind  hare  tiieir  seat  in 
the  brain. 

The  number^  names,  and  functions  of  the  cerebral  nerves. 

Second  Stags  or  Advancbd  Coursk. 

In  addition  to  the  preceding^  a  kno^edge  of  the  following  Buljeetr 
will  be  required : — 

a.  The  Circulatory  Syttem. 

The  minute  structure  of  the  organs  of  circulation.  The  minner  in. 
which  they  are  supplied  with  blood  and  with  nervous  eneigy.  The 
nature  of  the  pericardium. 

The  detailed  analvsis  of  the  movements  and  sounds  of  the  heait,  lad 
of  the  phenomena  of  the  pulse.  The  causes  of  blushing  and  of  pallor. 
The  influence  of  the  respiratory  movements  on  the  circalatkm.  The 
effect  of  irritation  of  the  pneumogastric  nerve  upon  the  heart's  actioiL 

llie  structure  of  the  l^phatic  vessels  and  glands^  and  the  oonnenoa 
of  the  lymphatic^  with  the  blood  vascular,  system. 

b.  The  Blood,  the  Lyn^h,  and  the  Chyle. 

The  sizes  and  the  structure  of  the  corpuscles  of  these  flnidfl.  The 
phenomena  which  they  exhibit.  Their  probable  fimctions.  Thecom- 
pontion  of  the  blood  in  detail.  The  nature  of  the  process  of  coagulBlMm. 

c.  The  Re^nratory  Syitem. 

The  structure  of  the  thorax.  The  pleurae.  The  stmctoe  of  ttie 
respiratory  organs  and  the  distribution  cof  the  blood  through  them.  The 
analysis  of  the  respiratory  movements  in  detail.  The  mechuism  hj 
whicn  coughing,  sneezing,  sighing,  and  hiccoughing  are  effected.  The 
physical  and  chemical  processes  involved  in  the  conversion  of  inspbed 
mto  expired  air,  and  or  venous  into  arterial  blood.  The  quantity  of 
waste  products  excreted  and  of  oxygen  taken  in  by  the  lungs  in  twenty- 
four  hours.   The  rationale  of  ventilation. 

7%e  Urinary  Syttem. 

The  minute  structure  of  the  kidney,  ureter,  and  bladder. 

The  circulation  in  the  kidney  and  the  changes  which  the  blood  under* 
goes  in  passing  through  it. 

The  quanti^  of  waste  products  of  all  kinds  excreted  by  tiie  kidneyi  ia 
24  hours. 

neSkim. 

The  minute  structure  of  the  skin,  of  the  hairs,  nails,  and  glands  eoi' 
nected  with  it.  llie  muscles  of  the  hair-sacs, 
llie  quantity  of  waste  products  excreted  by  the  skin  in  24  houi. 

ThelAver. 

The  structure  of  the  liver,  and  the  course  of  the  blood  through 
The  arrangement  of  the  ducts  of  the  liver.   The  composition  of  the  bile, 
and  the  quantity  of  that  fluid  secreted  daily.   The  functions  of  tiie  IhIs. 
The  nature  and  uses  of  glycogen. 

The  Spleen  and  the  other  Dnetlees  QUmde. 
The  structure  and  probable  functions  of  these  organs. 
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TIeil/tmai/ary  CanaL 

The  structure,  fonns,  kinds,  and  succession  of  the  teeth.  The  stmc- 
tnn  and  functions  of  the  salivary  glands.  The  stracture  and  functions 
of  the  tongue,  the  soft  palate,  uvula  and  tonsils.  The  pharynx  and  the 
oesophagus  and  the  stracture  of  tlieir  walls,  llie  stomach,  its  form; 
the  structure  of  its  walls ;  its  glands  and  their  functions.  The  divisions 
of  the  intestine.  The  structure  of  its  walls.  Villi.  Glands.  Peyer's 
patches.  The  strneture  and  functions  of  the  pancreas.  The  peritoneum 
and  the  nature  of  the  mesenteiy. 

The  details  of  the  digestive  and  absorptive  processes.  The  profits  and 
losses  of  the  economy,  and  how  they  are  balanced  during  health. 

The  Muscular  System  and  Animal  Meekamies. 
^  The  minute  structure  of  fibrous,  cartilaginous,  bony,  and  muscular 


Hie  physical,  chemical,  and  physiological  properties  of  muscle.  Rigor 
mortis.   The  mechanism  of  sttuimng,  walking,  running,  and  jumping. 

The  structure  and  working  of  the  larynx.  The  mode  in  whlcn  con- 
scNUUital  and  vowel  sounds  and  articulate  speech  are  produced. 

The  Senses. 

The  structure  of  the  papilln  of  the  skin,  and  of  the  tactile  corpuscles* 
The  muscular  sense. 

The  minute  structure  and  nervous  supply  of  the  tongue  as  a  sensory 

^^'^^e  structure  of  the  olfactory  omn.  The  nature  and  extent  of  the 
air  chambers  connected  with  it.  'Ae  minute  structure  of  the  Schnei- 
derian  membrane  and  of  the  ol&ctoiy  nerve-fibres.  The  mechanism  of 
smelling. 

The  structure  of  the  ear.  The  external  ear  and  the  muscles  which 
move  it.   The  muscles  connected  with  the  ear  bones  and  their  actions. 

The  minute  structure  of  the  membranous  labyrinth  and  cochlea. 
Hie  probable  functions  of  these  organs. 

The  minute  structure  and  the  nroperties  of  the  various  constituenta 
and  coverings  of  tiie  ejreball.  Complementary  colours.  Phosphenes. 
Ftarkdige's  figures.  Ad|)ustment.  R^rahition  of  light.  Double  vbion 
with  one  eye. 

Sensations  and  Judgments, 

Th»  notion  of  roundness.    Subjective  sensations.  Ventrfloquisnu 
Erect  vision.  Double  vision  and  single  vision  with  two  eyes.  Judg« 
I  of  distance  and  form.  The  pseudosoope  and  the  stereoscope. 


The  Nerwms  System. 

The  atruetnre  of  flanglionie  corpuscles  and  of  nerve  fibres. 

Hie  stracture  of  we  investments  of  the  brain  and  spinal  cord. 

The  minute  stracture  of  the  spinal  cord.  The  general  disposition  of 
the  histological  elements  of  tiie  brain. 

The  names  and  positions  of  the  larger  divisions  of  the  bndn  and  of 
its  ventricles. 

Hie  origins  and  functions  of  the  spinal  and  cerebral  nerves  in  detail. 
The  effect  of  cutting  the  spinal  cord  in  various  ways,  and  of  ii^'uries 
to  the  medulla  oblongata. 

The  effect  of  removing  the  hemispheres  of  the  brain. 
Unconscious  cerebration  and  acquired  reflex  action. 
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The  stractore  of  the  ovum  and  of  the  epemuitoioon. 
The  process  of  yelk  division. 

The  fozmation  of  the  blastoderm  and  the  derelopnient  thcnfiram  of 
the  body  of  the  embryo,  with  amnion.  aUantois.  and  ydk  sao. 
The  nature  of  the  chorion,  of  the  decidoa,  and  of  the  placenta. 
The  mode  in  which  the  foetus  is  nourished. 

The  development  of  the  heart  and  the  f obIbI  oifeulation.  The  dMBgei 

in  the  circulation  which  take  place  at  birth. 
The  lacteal  glands  and  lactation. 

The  niodifications  in  the  proportioiia  of  the  body  fieom  Urth  to  addi 
age. 

The  general  modifications  in  the  condition  of  the  skeletoD  from  its 
earliest  appearance.   The  notochc^.  The  process  of  ossification. 
The  thymus  and  thyroid  glands. 
The  two  dentitions. 

Examination  for  Honouiis. 

Candidates  will  be  wramined  in  any  subject  treated  of  in  the  stindsrd 
English  works  upon  PhvsioloffT,  such  as  Carpenter's  Prime^tles  of 
Human  Physiology,  and  Manhall's  Oa^/uies  of  HMman  tmd  Compmtwe 
Physiology, 

TsxT  Books. 

.  For  the  elementary  stage — 
Lessons  in  Elementary  Physiology,  by  T.  H.  Huxley,  18mo.,  As,  6cf. 

(London^  Macmillan,  1868.) 

is  recommended  as  a  text  book. 

For  the  advanced  stage,  in  addition  to  the  above,  the  following  works 
are  recommended : — 
A  Mannal  of  Physiology,  by  W.  B.  Carpenter,  12mo.,  12^.  6d. 

(London,  Churchill.  4th  ed.,  1865.) 
Handbook  qf  Physiology,  by  W.  S.  Kirkes,  8vo.,  12*.  €d. 

(London,  Walton  and  Maberir.) 
A  Description  of  the  Human  Body,  its  Structure  and  Potions,  of 
J,  Marshall,  2  vols.,  4to.  2ls,  (London,  A.  Tarrant,  2nd  ed.,  1870.) 


SUBJECT  XV.*-ZOOLOQY. 

N.B. — Students  should  have  been  instructed  in  the  elements  of  phy- 
Biolof^  before  commencing  the  study  of  Zooloffy.  After  May  IBw  no 
candidate  will  be  passed  in  Zoology  unless  at  the  same,  or  at  a  previeiu, 
examination  he  has  been  passed  in  the  elementary  stage  of  Animal 
Physiology. 

First  Stage  or  Elbmbntary  Course. 

Questions  will  be  confined  to  the  following  topics : — 

The  characteristic  and  distinctive  features  of  the  following  groups  ci 
animals:— r<erfe6ra/a.  Mammalia,  Aves,  Beptilia,  Amphibia,  Pisces, 
Artkropoda,  Insecta,  Myriapoda,  Arachnida,  Crustacea,  Annelida,  Echi* 
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nodermaia,  Bolifera,  Infusoria,  Spongida,  Foramnjfera,  CcBlenterata, 
Hydrozoa,  Actinozoa,  Folyzoa,  Brachiopoda,  Lamelltbranchiata,  Pulmo- 
gasteropoda,  BrancMo-gasteropoda,  Cephalopoda. 

(Candidates  will  be  expected  to  be  able  to  refer  any  British  member  of 
one  of  these  groups  to  its  proper  group.) 

The  general  nature  and  arrangement  of  the  skeleton  (or  hard  parts)  in 
Foramnifera,  Spongida,  Hydrozoa,  AcHnozoa,  Brachiopoda,  Lameiabran" 
thiata.  Gasteropoda,  Echinodermata,  Arthropoda,  Vertebrata, 

The  general  nature  and  working  of  the  alimentary  apparatus  observed 
in  Infiisoria,  Hydrozoa,  Actinozoa,  Polyzoa,  Gasteropoda,  Annelida,  Arthro- 
poda,  Pisces,  Aves,  Mammalia. 

The  general  structure  and  working  of  the  organs  of  circulation  and 
rapiiation  in  Lamellibranchiata,  Gastertmoda,  Crustacea,  Arachnida, 
Inseeta,  Pisces,  Amphibia,  ReptUia,  Aves,  Mammalia. 

The  general  nature  of  the  nervous  system'  in  Rotifera,  Echinodermata, 
Asmeliaa,  Arthropoda,  Polyzoa,  Lamellibranchiata,  Vertibrata. 

The  principal  characters  of  the  organs  of  hearing 'm  Lamellibranchiata, 
Cnutaeea,  Pisces,  and  Mammalia;  and  of  the  organ  of  sight  in  Annelida, 
Arachnida,  Inseeta,  Gasteropoda,  and  Vertebrata. 

The  general  nature  of  Uie  process  of  development  in  Hydrozoa^ 
Lamellibranchiata,  Crustacea,  Inseeta,  Amphibia,  and  Aves. 

Tkxt  Books. 

A  Manual  qf  Zoology.  Vol.  I.  Invertebrate  Animals.  By  H.  A. 
Nicholson.   Grown-  8vo.   Is.  6d.   Blackwood  and  Sons. 

Introduction  to  the  ClasMcation  of  Animals.  By  T.  H.  Huxley* 
LL.D.,  F.R.S.   8vo.   6s.   Churchill  and  Sons. 


Sbcond  Stagb  or  Advancbd  Coubsb. 

Questions  maybe  set  in  all  subjects  enumerated  under  the  Elementary 
Stage,  and  in  aadition  on  the  following  topics : — 

The  characters  and  distinctive  peculiarities  of  the  Nematoidea,  Aean^ 
thoeephala,  Turbellaria,  'Drematoda,  Ascidioida  (or  Tunicata),  Pteropoda, 
Radiolaria  (or  Polycistina),  Gregarinida,  Rhizopoda  ;  and  of  the  principal 
subdivisions  (orders)  of  the  MammaUa,  Aves,  ReptUia,  Amphibia,  Pisces, 
Inseeta,  Arachnida,  Crustacea,  Annelida,  Echinodermata,  Hydrozoa, 
AMsozoa,  Brachiopoda,  Lamellibranchiata  Gasteropoda,  Cephalopoda. 

Reference  of  any  specimen  to  its  proper  class  and  order. 

Tlie  most  imporitant  modifications  ox  the  vertebrate  skeleton  obsen*- 
■ble  in  PharyngobranchU,  MarsipobranchU,  Elasmobranchii,  Teleostei, 
Chekmia,  Ophima,  Aves,  Monotremata,  Marsupialia,  Cetacea,  Cheirop- 
tera,  Ungulata,  Simiades,  Man. 

The  leading  modifications  of  the  appendages  of  the  body  and  head  in 
iiie  Arthropoda. 

The  structure  of  the  test  in  Echinus,  Uraster,  and  Comatula  {Antad^n), 

The  structure  and  nomenclature  of  the  parts  of  the  shell  in  Brachio* 
poda,  LamelUbranchiata,  Gasteropoda,  and  Cephalopoda. 

The  s^cture  of  the  coraUum  m  the  Actinozoa. 

The  structure,  succession,  and  chief  forms  of  the  teeth  in  iHotn- 
matia.  The  dental  formulae  of  Man,  of  old  and  new  world  apes ;  of  the 
hedgehog,  tiie  dog,  the  cat,  the  horse,  the  ox,  the  pig,  the  rabbit,  and 
the  rat. 

The  structure  and  mode  of  formation  of  ^'whalebone.'' 
The  structure  and  movements  of  the  beaks  of  Aves  and  CheUmia, 
The  poison  fangs  of  snakes  and  the  mechanism  by  which  they  are 
flooved. 
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The  teeth  of  ordinary  fishes,  of  sharks,  rays,  CJdmera,  and  lamprey. 
Hie  alimentary  apparatus  of  the  Buminantia,  and  the  mode  in  which 
it  works. 

The  leading  forms  assumed  by  the  circulatozy^  respiratory,  renal, 
hepatic,  and  salivaiy  organs  in  the  animal  series. 

The  modifications  of  the  brain  and  of  the  sensory  organs  in  the 
Vertehata,  Arthropoda,  Cephalopoda,  and  Gasteropoda, 

The  leading  forms  of  the  reproductive  apparatus,  with  the  general 
process  of  development,  in  Mammalia,  Jves,  Reptilia,  Amphibia,  Pi$ea, 
Arthropoda,  Annelida,  Echinodermata,  TVematoda,  Tmiada,  Spongida, 
Calenterata,  Lamellibranchiata,  Pulmoif(uteropoda,Branchio^asteropoda, 
Cnhalopoda, 

The  distribution  of  animals.  The  principal  forms  of  animal  lilk 
characteristic  of  Australia;  of  South  America,  with  Mexico  ;  of  Aines, 
south  of  the  Sahara;  of  Hindostan ;  of  Central  Asia,  with  Europe  and 
North  Africa;  of  America,  north  of  Mexico ;  of  tiie  Atlantic,  the  Indo- 
Pacific,  the  Arctic  and  Antarctic  Oceans. 

The  broad  facts  relating  to  the  succession  of  animal  life  upon  the  globe. 

The  natural  history  of  the  animals  which  supply  articles  of  com- 
merce* 

Examination  for  Honours. 

In  this  examination  questions  will  be  set  at  the  discretion  of  the 
Examiner,  who  will  have  regard  to  the  state  of  Zoological  teadiing  in 
the  country  and  the  means  of  acquiring  information. 


SUBJECT  XVL^VEQETABLE  ANATOMY  AND  PHYSIOLOGY. 

The  examiner  in  botany  finds  that  the  number  of  candidates  m 
vegetable  physiology  is  always  much  greater  than  in  systematic  botaoj. 
He  ventures  to  suggest  to  the  teachers  that,  considering  the  age  of  most 
of  their  pupils,  it  would  be  better  to  begin  with  systematic  botany,  and 
not  to  teach  vegetable  physiology  till  the  pupil  has  passed  the  first 
stage,  at  least,  of  Subject  XVII.  The  teaching  would  thus  be  more 
practical,  and  would  be  confined  chiefly  to  the  plants  of  the  district  and 
to  the  common  garden  plants. 

Hie  teaching  should  be  carried  on  in  the  field,  if  possibly  or  in  any 
case  by  means  of  fresh  specimens  rather  than  drawings. 

I.  First  Stage  or  Elsmkntart  Courbb. 

Distinctions  between  flowering  and  flowerless  plants.  Growth  of 
flowering  plant  from  seed.   Plumule,  radicle,  cotyledons. 
Ascending  and  descending  axis :  axial  and  appendicular 
Cells:  Parenohymay  prosenchyma,  ducts,  spiral  vessels.  Vascular 
bundles. 

Structure  and  growth  of  root.  Spongioles. 
S^cture  of  stem.   Pith,  wood,  bark,  meduDaiy  rays. 
Epidermis.   Hairs,  prickles. 

Nature,  position,  and  development  of  leaf  buds :  branches  and  spines. 
Venation  and  structure  of  leaves.  Stomates. 
HorJ  organs,  protective  and  essential.   Sexes  of  plants. 
Structure  and  dehiscence  of  anthers.   Structure  of  pollen  grain. 
Evolution  and  course  of  pollen  tube. 

Digitized  byGoOglC 


SUB.  Xyn.— OTSTEHATIC  AND  ECOKOUIC  BOTANT.  117 

StiginA.  Ovule :  nudeas  and  coats,  foramen.  Anatropons  campjlo- 
tropouB  and  orthotropoua  OTules.   Impregnation.   Embryo  sac. 

Seed:  hilum,  chalaza,  rhaphe.  Albumen.  Embiyo:  monocotyle* 
donous  and  dicotyledonons. 

Food  of  plants.  Coune  of  sap,  osmose,  ezbalation,  respiration  (by 
day  and  ni|^at),  assimilation.   Cambium  layer. 

Composition  of  cellulose,  starch,  surar,  gum,  gluten,  chlorophyll. 

In  the  earlier  course  these  subjects  should  be  taught  quite  generallT,a8 
they  occur  in  the  ordinary  type  of  structure.  All  exceptions  shoula  be 
leserred  for  the  higher  course. 

Sbcokd  Stags  oe  Advancsd  Coursk. 

Cell  development  by  division  and  free  cell  formation.  I^topbsm. 
Formation  of  ducts  and  vessels. 

Cell  contents.  Cytoblast  or  nucleus,  secondary  deposits,  air,  crystals^ 
rhaphides,  chloroph;^ll,  oil. 

Circulation  of  flmds  in  cells. 

Functions  of  cells  and  vessels.   Intercellular  spaces,  latex  canals. 
Structure  of  trunk  of  climbing  plants,  and  of  tree  ferns. 
Parasitical  plants ;  leafy  and  leafless,  on  root,  stem,  bark. 
Development  of  leaves. 
Abnormal  forms  of  stomates. 
Pollen  formation. 
Ovule  of  Loranthacese. 

Impregnation  and  embryogeny  of  Conifers  and  their  allies. 

Reproduction  of  Cryptogams. 

l^pagHtion  of  plants  otherwise  than  by  seed. 

Phjrsiology  of  flower;  absorption  of  oxygen,  evolution  of  heat. 

Imtabili^  of  leaves,  tendrils,  stamens. 

Theory  of  manures. 

Differences  between  animals  and  plants. 

Examination  for  Honours. 

Questions  will  be  set  at  the  discretion  of  the  examiner,  who  will  have 
regard  to  the  state  of  botanical  learning  in  the  country  and  the  means  of 
aogiiiring  information. 

For  text  books  see  end  of  next  subject. 


SUBJECT  XVII.-^YSTEMATIC  AND  ECONOMIC  BOTANY. 

First  Stags  or  Elbmkntart  Course. 

JL— Korpbology. 

Ascending  and  descending  axis. 

Root :  annual,  biennial,  perennial ;  fibrous,  tuberous,  tap,  &c. 
Stem:  woody  or  herbaceous;  erect  or  creeping;  conn,  bulb,  rhi* 
some. 

Leaf:  entire  or  variously  cut ;  simple  or  compound;  kinds  of  com* 
position.   Petiole,  blade. 
Stipules.  Tendrils.  Bracts. 

Inflorescence:  raceme,  spike,  catkin,  umbel,  capitulum,  coiymb, 
panicle. 

Flower :  complete  or  incomplete,  uni«  or  bi-  sexual ;  regular  or  irre« 
gnlar. 
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Calyx  and  corolla :  poly-  or  gamo-  sepalous  or  petaloiu;  penistent  or 
decidaons ;  valvate^  imbncatedor  twisted  in  estivation. 

Stamens :  number  and  relative  position ;  insertion,  oohedon.  Fila- 
ment, anther. 

Ovaiy:  adherent  or  free ;  of  one  or  more  carpels,  uni- or  mnlti-localar; 
number  and  cohesion  of  styles. 

Ovules :  solitary  or  numerous;  erect,  horizontal,  or  pendolons;  with 
axile,  free  central  or  parietal  placentation. 

Fruit:  dehiscent  or  indehisoent;  succulent  or  dry;  drape,  beny, 
aohene,  capsule,  legume,  pod. 

8. — ciMillleftttm. 

Dicotyledones :  thalalamiflorse,  calyci£orse,  coroUiflorse,  incompletie. 
Monocotyledones. 

Acotyledones :  acrogens,  thallogens. 

Distmctive  characters  of  the  laigest  British  natural  orders,  vix.:^ 
Ranunculaoeee.  Sorophulariaoee. 
Cruciferse.  Labiatsp. 
Caiyophylleas.  Oichideee. 
Leguminose.  Liliaoese. 
Rosacese.  Cyperacee. 
UmbeUifere.  Graminese. 
Compositse. 

O.— aooBomio  Botany. 

The  candidate  will  be  expected  to  know  tiie  eeonomie  jplmis  isdi* 
genous  to  Great  Britain  and  Ireland,  as  well  as  those  oontMned  in  the 
following  list: — 

Wheat.  Gum.  Teak. 

Barley.  Caoutchouc.  Maple. 

Oats.  Gutta  Percha.  Walnut. 

R^e.  Turpentine.  Opium. 

Rice.  Palm  oil.  Quinine. 

Indian  com. ,         Cocoanut  oil.  Jalap. 

Pea.  Castor  oil.  Ipecacuanha. 

Bean.  Olive  oiL  Aloes. 

French  bean.  Indigo.  Rhubari). 

Pasture  Grasses.      Logwood.  Senna. 

Clover.  Miuider.  Nutmeg. 

Turnip.  Catechu.  Cloves. 

Mangold.  Galls.  Pepper. 

Hops.  Oak  bark.  Orange. 

Tea.  Cotton.  Vine. 

Coffee.  Flax.  Ahnond. 

Cocoa.  Hemp.  Peach. 

Chicory.  Jute.  Plum. 

Tobacco.  Mahogany.  Melon. 

Starch.  Oak.  Cucumber. 

Sugsr.  Deal.  Gourd. 

The  use  of  the  product,  the  part  of  the  plant  aff;>rding  it,  the  rtim 
'and  natural  order  of  the  plant  which  yields  it,  its  native  country  wb^ 
wUd,  and  when  cultivated  the  area  of  cultivation  will  be  expected  to  w 
known. 

Sbcond  Stags  or  Advanced  Coursk. 

Modifications  of  stem  structure  (as  in  cactus,  &o.) 
Modifications  of  leaf  structure :  Phyllodes,  pitchers. 
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Morpbology  of  eiTptogams :  frond,  ihallas^tiieoa  or  spore-case,  soms, 

dater,  myodiom,  spore,  &c. 
FhyUotazb. 

Theory  of  Infloresoenoe. 

Mefeampiphosis  of  flowers* 

Dimorphism  of  flowers. 

Prmctples  of  dassiflcation. 

Natural  fionily  or  order,  genus,  species,  Tariety. 

Variations  of  cultivated  plants. 

Characters  of  all  British  natoral  orders,  and  of  the  largest  and  most 

important  exotic  orders. 
Classification  of  Ciyptogams:  ohaneien  of  ferns,  Lyoopodiacee, 

EquisetacetP,  mosses.  Hepatic^,  Characeae,  Algae,  Lichens,  Fongi. 
Principal  economic  plants  belonging  to  each  natmnl  order. 
Gennal  prindpLea  at  geographiral  botany. 


EXAIIINATION  FOR  HoNOURS. 

Questions  at  the  discretion  of  the  examiner,  who  will  have  regard  to 
the  state  of  botanical  learning  in  the  country  and  the  means  of  acquiring 
information. 

As  text  books  may  be  cited  t-^ 

Asa  Gray.   Lessons  in  Botany.   One  dollar.    (Phinney,  New  York.) 
Balfour.   OtitKnes  of  Botany,   Fcap.  8to.   7s.     (A.  and  C.  Black.) 
„        Class  Book  of  Botany.  3ls.6d. 

„  „         „  In  two  parts,  at  IO9. 6cL  and  21^. 

(A.  and  C.  Black.) 

„        Manual  of  Botany.   lOs.Sd.  (A.  and  C.  Black.) 

Bentley.   Manual  qf  Botany.   \2s.  6d. 
Henfrey.   Elementary  Course  of  Botami,  12f. 

BM^unenis  of  Botany.  3s.6(f.  (Van  Voorst.) 

Lindley.    School  Botany.   Ss.  6d.  (Bradbury  and  Evans.) 

„        SystemaHe  and  Descriptive  Botany.  3s. 

(Society  for  Diffusion  of  Useful  Knowledge.^ 
Vegetable  Kingdom.  3&s.  (Bradbury  and  Evans.) 

Botany,  Structural,  Physiologieal.  3s. 

(Sodety  for  Diffusion  of  Useful  Knowledge.) 
TVeoMry  of  Botany,  in  two  parts.  lOs.  (Longmans.) 
Oliver.  Lessons  in  Elementary  Botany.  4s.  6d.  (Maemillan.) 


SUBJECT  XVIII^PRINCIPLES  OP  MINING, 

The  Art  of  Mining  embraces  so  wide  a  field  of  study  that  equal  prac- 
tical proficiency  in  its  various  branches  is  not  to  be  expected  from 
persons  engaged  in  diffSerent  classes  of  mines,  nor  e(][ual  knowledge  of 
ila  general  features  from  students  brought  up  in  districts  where  only  one 
or  another  branch  of  the  subject  is  practised.  The  examination  papers 
win  therefore  contain  a  sufficient  variety  of  questions  to  suit  canoidates 
belonging  to  either  a  metalliferous  or  a  coal  district. 

The  subject  at  large  being  jiroperl^  an  art,  or  application  of  various 
branches  of  science,  and  one  in  which  eveiy  question  will  admit  of 
Tarions  dejprees  of  proficiency  being  shown  m  the  replies,  the  higher 
numbers  will  be  awarded  only  to  those  answers  which  exhibit  the  -greater 
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Mxnount  of  completeness  and  accununr.  Curt  and  vague  aomn  wifl  be 
but  of  little  value,  and  exactness  will  be  expected  in  all  that  relates  to 
numbers,  prices,  weights,  and  measures. 

Those  who  wish  to  gain  a  ffeneral  knowledge  of  the  topics  for  eitmi* 
nation  may  be  recommended  to  direct  their  attention  to  the  salqoined 
heads,  via. 

F1B8T  Stags  or  Eubmbntart  Coursk. 

1.  Geology  and  Mineralogy,  more  particulsilT  those  poitknis  of  the 
sciences  which  bcasr  on  the  folloinng  subjects,— ^e  nsture  snd 
position  in  the  earth's  crust  of  the  useful  nunenls,  the  dssM 
rode  with  which  they  are  severally  associated,  the  apedsl  chsrscfcer 
of  heaves,  throws,  troubles,  and  all  kinds  of  dislootion;  the  par- 
ticular differences  between  beds  and  lodes,  and  their  mnioiabyind 
the  chief  features  of  irregular  repositories. 

2.  The  methods  of  prospecting  and  searching  at  aurfiue  for  cres  and 
other  minerals. 

3.  Breaking  rock  by  manual  labour  alone ;  various  forms  of  pick,  snd 
of  hammer  and  wedge  employed  for  the  purpose.  Use  of  gun- 
powder and  other  explosives ;  precautions  to  be  observed  in  bocing 
and  in  firing  shots. 

4.  Depths  attained  by  mines  and  bore  holes  in  various  esses.  Geo- 
graphical distribution  of  the  chief  mining  districts.  _  ^ 

5.  Ventilation  of  mines,  why  important.  Ckmiposition  of  air,  cnfaonie 
acid  gas,  and  fire-damp ;  how  the  latter  noxioua  damps  occur,  snd 
what  precautions  against  them  should  be  adopted,  either  for  a  tem- 
porary purpose  or  permanently.  Reasons  of  a  natural  drcolation  of 
air  to  some  extent  being  observable  in  all  minea.  Various  spplies- 
tions  of  water  to  aid  ventilation.  Means  of  applying  hoi,  01 
machines  for  the  same  purpose. 

6.  Lighting  of  workings;  principle  and  oonstmction  of  the  tMj 
lamp. 

7.  Circumstances  under  which  water  enters  mines.  Working  of  ordi- 
nary pumps ;  special  requirements  of  pumps  for  mines.  Mode  of 
appiymg  human  or  horse  labour  to  the  winding  of  water  and  itoff 
or  minml ;  fixing  and  comparison  of  the  unit  of  woric.  Wster 
wheels  and  steam  engines,  variety  and  construction  of,  as  in  use  for 
mining  purposes. 

Carnage  or  conveyance  along  levels  and  indines ;  bsrrows,  fnun- 
plates,  rails,  tubs,  or  wagons. 
General  features  of  winding  in  shafts  by  machinery. 

8.  The  form  and  dimensions  of  shafts  applied  to  various  purposes; 
sinking,  and  precautions  against  accident  frmn  falls  and  from  ooQspse 
of  sides. 

9.  Driving  of  levels,  drifts,  and  wind-roads ;  their  rate  of  indinstion, 
breadth,  and  height  in  various  districts ;  methods  and  cost  of  veil- 
ing them,  and  of  timbering  or  wooding. 

10.  The  removal  or  exploitation  of  mineral  after  completion,  to  a  certsin 
point,  of  dead  work;  stopes  and  pitches,  unoer  various  ciieDm- 
stances.  Pillar-working  at  various  deptiis,  and  other  forms  of 
extracting  coal  or  ironstone.  Main  considerations  of  ssliBty  snd 
economy  which  have  to  be  studied  in  adopting  a  particular  pbuu 

11,  Means  of  securi^  to  be  adopted  in  shafts;  1st,  as  to  oonstraetion 
and  fixing  of  ladders ;  2nd,  as  to  rules  and  arrangements  where  the 
men  ride  mstead  of  climbing. 

Digitized  byGoOglC 


SUB.  Xym.— PBINCIPLB3  XIKIKa. 


121 


SxcoND  Stage  or  Advanced  Course. 

1.  Details  as  to  the  form  in  which  the  useful  minerals  are  accmnulated ; 
stratified  deposits;  alluvial  or  stream-works ;  lodes  and  their  various 
directions;  pipes  and  other  irregular  repositories.  Examples  of 
lemarkable  localities;  true  sectional  drawings  or  profiles  to  be 
fltadied.  Examples  of  heaves,  and  alleged  laws  according  to  which 
they  have  taken  place.  Composition  and  phyidcal  state  of  the 
containing  rock  or  "  countiy." 

2«  Exploring,  shoading,  and  costeanin^.  Grounds  for  opinion  in 
the  re-opening  of  old  mines;  prebminaiy  operations  in  virgin 
districts. 

3.  Breaking  of  ground ;  the  various  implements  employed,  their  fono^ 
dimensions,  and  weight;  boring  for  shots;  the  various  modes  of 
firing  charges.  Heavy  charges,  how  calculated  and  fired;  rules  for 
ensuring  safety.   Drilling  and  coal-cutting  machines. 

4.  Deep  bcoing,  under  what  circumstances  applicable, — apparatus  for; 
description  of  varieties  in  use ;  lining  of  bore-holes. 

5«  Management  and  supervision ;  payment  of  men  employed  at  mines, 
at  suri^  and  underground,  vuymg  in  principle  with  the  different 
classes  of  operation ;  reasons  for  tut-work  or  piece-work,  and  tribute 
or  bing-tale  under  different  circumstances.  Oalculationa  for  cost  of 
driving,  sinking,  tramming,  &c. 

6«  Fhysi<»l  principles  of  ventilation ;  practice  of  mines  where  simple 
natural  ventilation  is  employed;  ventilation  of  large  areas  and  of 
deep  or  complicated  workings  by  guiding  the  natural  current; 
artificial  means,  and  their  details,  for  promoting  ventilation.  Pie- 
cautions  to  be  taken  under  specially  dangerous  conditions. 

7*  Illumination,  of  various  kinds,  theur  economy;  safety  lamps  in  all 
their  best  modifications ;  circumstances  under  which  they  snould  be 
employed ;  precautions  in  their  use. 

8.  Mechanical  division  of  the  subject.  Strength  of  materials  used  in 
mines;  human  and  horse  power,  prindnTes  and  construction  of 
machines  to  which  they  are  applied.  Hydraulic  machines;  con- 
struction of  the  water-wheels,  turbines,  and  pressure  engines  most 
anitable  to  the  various  operations  of  mining.  Steam  engines,  for 
pumping  and  for  winding ;  arrangement  and  construction  of  the 
varieties  most  use.  Form  ana  dimenrions  of  boilers.  Pumps 
employed  in  mines,  mode  of  placing  them ;  construction  of  the  lifts ; 
materials  and  details  of  the  rods,  set-off^,  counterbalances,  cisterns, 
and  catches.  Circumstances  under  which  dams  are  erected  in  shi^ 
or  leveb ;  mode  of  building  them. 

Tubbing  of  water  from  shafts ;  conditions  under  which  it  may 
be  done ;  details  of  the  operation  with  various  materials,  wood,  bric^, 
atone,  cast  and  wrought  iron. 

Rails,  waggons,  and  tubs  for  under^rround  conveyance ;  emplojp^ 
ment  of  horses  and  of  fixed  steam  engmes  for  this  purpose. 

Raising  of  the  mineral  through  the  shafts;  various  methods  in 
use;  chains,  ropes  (of  hemp  or  wire)j  their  weight,  &c.  Details  of 
the  best  application  of  drums,  cages,  guides,  keeps,  and  safety  doors. 
Pulleys  and  shaft  frames  or  poppet  heads ;  protection  against  over- 
winding ;  safety  clutches,  &c.  in  case  of  breakage  of  rope. 

9,  Opening  of  ground;  quarries  and  open  work;  driving  of  levels^ 
various  dnnensions  and  directions  according  to  circumstances; 
sinking  of  shafts,  inclined  or  perpendicular ;  advantages  of  either 
kind  under  certiun  conditions ;  means  of  securing  levds  and  shafts 
by  timber  or  by  walling ;  details  of  the  various  methods.  Driving 
or  sinking  in  neavy  or  running  ground. 
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10.  Working  excavations;  plan  of  laying  them  out,  and  means  of 
security  to  be  adopted  wnilst  they  are  kept  open.  This  will  indude 
the  stoping  of  metalliferous  veins,  and  tne  various  modificalioQS  of 
post  and  stall,  long-work,  &c.j  which  are  applied  to  stratified 
deposits. 

IL  Travelling  in  shafts ;  prevention  of  accidents  by  proper  fitting  and 
dividing ;  mode  of  placing  ladders  and  sollars ;  lifting  Tn^^^mt  for 
men,  constrootion  and  advantages  of. 

12.  Dressing  of  minerals.  Arrangement  of  dresfdng  floors.  Gmstnio- 
f ;  tion  of  crusher  and  stamps ;  washing  of  coa} ;  jigging,  conoeotzatiQi, 
and  separation  of  metallic  minerals. 

Examination  for  Honours. 

'  Questions  will  be  set  at  the  discretion  ti  the  Examiner,  who  win  have 
regard  to  a  general  knowledge  of  mining  as  carried  on  in  this  and  olha 
opnntries,  and  may  require  certificates  nrom  employers  aa  to  piacfioii 
work. 

Text  Books. 

;  The  student  may  be  advised  among  other  sources  of  uifonnBikion  to 
consult  the  following  works 

,  'Manual  qf  Geology,  by  J.  Phillips.   8vo.   12^.  ScL 

{Lond<m,  Giiffin,  1856.) 
■  Report  on  Cornwall,  4rc.,  by  H.  T.  De  la  Beche. 
I  (London,  Long^man  &  Co.,  1839.) 

Laws  regulating  the  Deposition  of  Lead  Ore  in  Vetns,  by  W.  WaHsce. 
8vo.   25s.  (Loudo^,  Stanford,  1861^ 

Treatise  on  Mining  Engineering,  by  G.  C.  Green  well.   4  to.  50s. 

(London,  Spon,  1856.) 
Coal  and  Coal  Mining,  by  W.  W.  Smyth.   8vo.   7s.  W. 

(London,  Stsahan,  1869.) 
M^taUic  Wealth     the  United  States,  by  J.  D.  Whitngr.   ^yo:  \6s, 

(London,  Trubner,  1§54.) 
,  Mining  and  Metallurgy  of  Gold  and  Silver,  by  J.  Arthur  Phillips. 

(London,  Spon*  1067.) 
I  Miners  Manual  qf  Arithmetic  and  Surveying,  by  W.  Rickard. 

{London^  Longman,  iQ59.) 
'  G^gie  Jppliqu/e,  ipai  A,  BMiht.   2  vols.   8vo..  17*.  . 

(Paris,  Langlois,  4thjed.»  1859.) 
Die  Lehre  von  den  Erslagerstdtteu,  von  B.  von  Cotta.  2  volSb  Bvo. 
I5s.  (Leipzig,  Felix,  2nd  «d^  IS6l.) 

Besides  these  the  various  reports  of  H.  M.  Inspectors  of  Coal  M|nes, 
and  the  evidence  given  before  Committees  of  the  Houses  of  Padiagient 
oi^Aceidenis  in  Jmaes,  may  be  studied  with  advantage*        .  . 


SUBJECT  XiX.--pMETALLURQY; 

.  For  the  first  stage  or  elementary  course  the  student  will  be  o^ecied 
to  answer  questions  under  the  following  head^  exduaive  of  thoae  in 
italics. 

The  aeoond  stage  or  advanced  course  will  include  these.  Hie  sti^aent 
will  also  be  requind  to  make  sketches  and  name  unlabelled  SDedmans. 

For  honours  the  candidates  will  be  asked  questions  at  the  aiscv^lioii  of 
the  Examiner,  who  will  have  reward  to  the  present  state  of  metaliuigical 
adence  as  carried  on  in  this  ana  other  countries* 
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Works  on  Mining,  in  additicto  to  the  abore  liat,  which  should  be 
kept  for  reference  in  a  library : — 
Section  of  the  Strata,       V  Westgarth  Forster.   1821 . 
Tran$aetiotis  qf  the  Northern  Institute  qf  Mining  Engineer s. 
The  Waterworks  of  London,  by  Colbum  and  Mast.   Ts,  6d, 

(Spon,  1867.) 

Est^oitatkm  dee  Mines,  par  G.  Combee.  3  vols.   8vo.,  and  Atlas 
of  platea.  (Paris,  1844-46.) 

.  Mmend  Veins  of  SmdUdale,  hy  Lonsdale  Bradley.   8vo.,  21  s, 

(London,  Stanfoid,  1862.) 
Memoks  of  Geotogioal  Survey  of  Great  Britain.   Vol.  I.,  2ls,;  vol. 
Ih,  425.  (Longmans,  1848.) 

.  Lskrbnek  der  Aufbereittrngs^kunde  (dressing  of  ores)  by  Rittinger, 

(Beriin,  Enistundkom,  1867.) 
.   Geology  ef  Smtdander  and  Madrid,  by  Snllivan  and  O'Reilly.  8vo.» 
lOs.  (London,  Williams  and  Norgate,  1863.) 

/fisTory  iSf Coa/ TVode,  by  Matthias  Dunn. 
Winming  and  Working  of  Coal  Mines,  by  Mattibias  Dunn. 
The  GMfieUs  qf  Victoria,  by  R.  Brough  Smyth,  1869.  Royal 
2&S.  (Triibner,  Annates  des  Mines,  Paris.) 

rNTRODUCTORY  SUBJECTS. 

jPhyBCBl  Pioperdes  of  Metals.--Ph^CBl  State.  Action  of  Heat. 
Specmc  Gravity.  Crystallization.  Varieties  of  Fracture.  MiUleabiljty. 
Dactility.  Tenadty.  Toughness.  Softness.  Elasticity.  Conduction 
of  Heat  and  Electricity.  Capacity  for  Heat.  Expansion  by  Heat. 
Opfldty.   Lustre.  Colour. 

CUssification  of  MetaUuigical  Prooes8es.-*'Bxp]aaatk>n  of  tiie  texms 
9ii6»  native veinatnff,  matrix  or  gangue,  dressing.^'  Reductionv 
Smelting.  Flux  and  Slag.  Begulus.  Speise.  Roasting.  DistiUa- 
tion.   miUinqatfton,  Liquation. 

ISlaga. — At^tfoc  ecmstitation  of  sSioates.  Constitution,  external  tks^ 
lactoas,  brittianess,  toug^mess,  colour,  and  fusibility  of  slags.  The 
foaibffity  of  eertain  compounds  not  containing  silica^  aluminates,  &a 
ScMpioxide  <^iron  and  hme.  Fluor  spar  as  a  flux.  Melting  points  qf 
siiieates.as indicated  by  the  Jusion  qf  eilogs  ef  gold  andplatinwn,  Snfh' 
pooad  midphosilieates, 

Natosal  Befinaotoy  Materials  amployed  in  the  ConBtnietion  of  Cru^ 
cibki^  Betorto^  Fttmaoes>  fre.  Fire  ClBys.-^Approxiniate  composition. 
Hodceof  testingw  Orudbks^-^Eartiien  or  day  omeiMes.  Stourbridge 
^ueibks. ,  Cortmh  crucibles,  London  crucibles.  Hessian  crueiblu, 
Frimck  erwdbles.  Bdgian  crucibles.  Qraphke,  black-kad,  or  plumbago 
OTieibles.  Lining  crudbles  with  earbon.  Furnaces.— SefBtrom's  blast 
lomaee.  DemSe^t  blast  Jumace.  :  Ybee  Bxieka,  &o.— Stourbridge 
br^k«  Dinaa  fire-brick.  Sand  and  sandstones. 

FuvL. 

The  cakrifio  power  of  Idel.  Berthittr's  proem  of  estimating  the 
calorific  power  of  fuel.  The  calorific  intensity  of  fuel,  and  theoretical 
oot&potation.  Wood.— Kinds  of  wood  empkrpd  as  fiiel.  Elementary 
eoB^osition  of  dry  wood.  Prop<»tion  of  .water  in  wood.  Specific  gni^i^ 
of  wood.  Proportion  and  approximate  composition  of  the  ashes  of  wood. 
The  rapidity  of  growth  of  wood.  Weight  of  wood.  Cuttinpr  and 
fltDxing  of  wood  intended  as  ftid.  Peat  or  Turf. — Specific  gravity  of 
peat^  Compoflition  of  peat.  Aporoxmiate  composition  of  the  ashes 
ci  peat.   Proaimate  composition  0/ peat*  Extraction  and  desiccation  of 
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peat.  Coal. — Definition  of  coal.  Approximate  composition  of  the 
ashes  of  coal.  Lignites.  Classification  of  lignUes  accardinff  to  external 
characters.  Approximate  composition  of  ligmtes.  Bitnminoos  coals. 
Caking  coal.  Free  burning  coaL  Cannelcou.  Anthracite.  Fibrous  and 
granular  matter  in  coeds.  Composition  of  bituminous  coals  to  be  given 
genendly  and  approximately  for  each  class.  The  occurrence  of  certain 
metals  in  peat  and  coals.  Fr^'s  chemical  researches  on  combnstibU 
minerals.  Charcoal. — Specific  heat  and  specific  grayit;^  of  cfaszooaL 
Proximate  composition  of  charcoal.  Various  modes  of  charcoal  bunuiig. 
Charcoal  burning  in  piles  or  stacks.  Chinese  methods  of  charring  in pUs. 
Yield  of  charcoal  bj  volume  and  by  weijght.  Influence  of  tcmpcritupB 
upon  yield.  Theory  of  charcoal  bumii^  tn  circular  and  rectangular 
piles.  Peat  charcoal  or  coke.  Carbomzation  by  superheated  steam. 
Coke. — Properties  of  coke.  Approximate  composition  of  coke,  ftesence 
of  water  in  coke.  General  (principles  concerning  the  preparatioa  of  coke. 
Coking  in  circular  piles,  in  long  piles  or  ridges,  ana  in  large  open 
rectangular  kilns.  Coke  ovens.  Co^s  coke  oven.  Coke  oven  ef  the 
Brothers  Appolt.  Ccmpositum  and  economic  i^Ueation  of  the  waste 
gases  of  coke  ovens,  Davis*  Breeseoven.  Mineral  charcoal.  Coking  of 
non-cakinp^  coal  slack  by  admixture  with  pitch.  Collection  of  products 
qf  economic  value  generated  during  the  process  cf  coking.  Deralphnrisir 
tionofcoke.  Combustible  Gases. — Carbonic  oxide.  Hydrpgen.  Hy« 
drocarbons. 

Comparison  of  fuels  in  regard  to  calorific  power.  Cakryie  power 
calculated  from  ultimate  composition. 

Copper. 

Physical  and  chemical  properties.  Specific  heat.  Linear  t^latatumhy 
heat.  Action  of  heat.  Atomic  weight.  Action  of  oxygen.  Dioxids; 
CTotoxide;  dioxide  and  protoxide  of  copper  heaied  witii  siliea. 
Borates  of  copper,  Disulphide.  Disulphiae  of  copper  heated  with 
access  of  air.  Theory  of  the  process  of  heating  disulphide  of  copper 
with  free  access  of  air,  or  roasting.  Disulphiae  of  copper  heated  in 
admixture  with  dioxide,  protoxide,  or  sulphate  of  copper.  Dioxide 
copper  heated  with  protosulphide  of  iron  and  silica.  Disulphide  cfeofipet 
exposed  to  the  action  of  hydrogen  and  water  at  high  tea^peraiures.  MeteBie 
copper  exposed  to  the  action  of  the  vapour  of  water  at  high  temperatmts. 
Disulphiae  of  copper  heated  ivith  carbon,  with  iron,  with  xine,  with  lead, 
with  tin,  with  antimony.  Copper  heated  with  tersulphide  efantimtmy. 
Disu^hide  of  copper  heated  with  nitre,  with  caustic  soda,  with  carbonate 
of  soda,  with  baryta  or  Ume,  with  cyanide  ^  potassium.  Copper  and 
dioxide  of  copper.  Copper  and  carbon.  Overpoled  copper.  Copper 
and  nitrogen.  Copper  and  phosphorus.  Copper  and  arsenic  Copper 
and  silicon.  Specific  ^vity  of  copper.  Electric  conduetkUy  ef 
copper.   Influence  of  various  foreign  matters  on  electric  eonducturity. 

Ores  of  Copper. — Physical  characters  and  chemical  compositioD  of: 
Native  copper.  Red  oxide  of  copper.  Black  oxide  of  copper.  Green 
carbonate  of  copper  or  malachite.  Blue  carbonate  of  copper.  Vitreoos 
or  grey  sulphide  of  copper.  Purple  copper  ore.  Copper  pyrites  or  yeOo* 
copper  ore.  True  grey  copper  ore  or  fakhlers.  Chrysocollia.  Atacamite. 
Copper  ores  of  Cornwall  and  Devon.  Meaning  of  the  word  Standard. 

Assaying  qf  copper  ores  by  dry  and  wet  methods.  Comparative  reiafts 
by  Cornish  and  wet  methods. 

Copper  Smelting.— In  Reverberatory  ftimaces :  The  Welsh  IVooess,— 
Furnaces  employed;  calciner,  melting  ftimaoe.  The  reactions  whkh 
occur  in  the  process.  Calcination ;  composition  of  the  gaseous  products 
which  escape  from  the  ore^alciner.  Molting  of  the  oalciiied  oie ;  tsUxoti 
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chancten,  and  oompositioii  of  coane  metal  and  ore-furnace  slag.  Specific 
gracity  of  the  coarse  metal  and  ore-fumace  slag.  Calcination  of  the  gra- 
nulated coarae  metal ;  Melting  of  (»lcined  granulated  coarse  metal;  wnite 
metal,  blue  metal,  metal-slag.  Mo88-<»pper.  Roasting ;  blister-copper, 
roaster-slag.  Best  selected  process.  Refining.  Elimination  of  the  foU 
lowing  Foreign  Metals  during  the  Welsh  Process  of  Copper  Smelting,^ 
Arseme,  anttmony,  tin,  nickel,  cobalt,  gold,  and  silver.  Various  proposed 
iatprovementsin  Copper  Smelting  F\$rnaces,  Napier's  process.  Method  of 
smdting  proposed  oy  MM,  &vot  and  Phillips,  Smelting  rich  copper 
slags  in  a  blastfurnace.  In  Blast  Furnaces :  In  Japan.  In  Sweden. — 
Furnaces  employed ;  ore-fumace,  black  copper  furnace,  refining-heardi. 
The  processes  of  roasting  or  caJdnation,  Vision  of  the  roasted  ore, 
roasting  of  the  regulus  from  the  last  operation,  fusion  for  black  copper, 
refining,  and  toughening.  Copper  rain.  Loss  in  smelting.  Smelting 
of  copper  schist  in  Prussian  Saxony,  Copper  smelting  in  Perm  in  Bussiam 
Cupriferous  pig  iron.  Theory  of  theproceu.  Kernel-roasting  at  Agordo* 
— Con^position  of  the  ore.  Roasting,  Styrian  lUns,  Mode  of  charging^ 
Changes  which  the  ore  undergoes  wiring  roasting.  Theory  of  the  process^ 
Wet  methods  of  extracting  copper: — Precipitatton  of  copper  from  solution 
by  iron.  Bankart's  process.  Wet  process  by  M.  Escalle.  Hahner's patents 
hoss  of  copper.   Impurities  occurring  in  commercial  copper. 

Zinc  or  Spelter. 

Fhyakal  and  chemical  properties.  Atomic  weight.  Aotion  of  oxygen* 
Action  of  water  on  zinc.  Oxide  of  sine.  Redaction  of  oxide  of  zino  by 
carbon,  carbonic  oxide,  and  hydrogen.  Silicates  of  tine.  Reduction  of 
silicate  of  sine  by  carbon.  Oxide  of  tine  heated  with  boraeie  acid. 
Sulpbide  of  zinc  heated  with  access  of  air,  with  oxide  of  zinc,  with  ear* 
bon,  with  various  metals,  in  the  vapour  of  water,  with  earbonie  acid, 
with  nitre  or  nitrate  of  soda,  witii  carbonate  of  potass  or  soda^  with  Ume^ 
Zinc  and  phoflphoms.   Zinc  and  arsenic 

Ores  of  Zinc. — ^Physical  character  and  chemical  composition  of :  Cala- 
mine. Electric  calamine.   Blende.   Red  zinc  ore. 

Methods  qf  assaying  Ores  of  Zinc, 

Methods  of  Extacting  Zinc. — English  Process. — Roasting  or  ealeina* 
iion  of  the  blende.  Pots  and  condensing  tubes.  Reduction  house.  Mode- 
ef  maJting  the  pots.  Mode  qf  charging  the  pots,  and  management  of  the 
fmmace.  Treatment  of  the  rough  zinc,  Sileaian  Process. — Retorts  and 
^pendages.  Clay  nozzles  or  condensers.  Lapgins  or  stoppers.  Iron 
appendages.  Description  of  the  furnace.  Calciner.  Distillation  of  zinc 
Melting  of  distilled  zinc.  Belgian  Process. — Retorts  and  appendaffes. 
Description  of  the  furnace.  Carinthian  Method,  Zinc  fume.  Mont^ori 
furnace.  Foreign  matter  in  commercial  zinc.  Proposed  improvements 
in  the  extraction  of  sine. 

Brass. — Definition.  Malleability.  Process  of  stamping.  Dead-dip- 
ping. Physical  properties  of  varioas  alloys  of  copper  and  zinc.  Mann- 
Jactare  of  calamine  brass.  Direct  preparation  of  brass.  Muntz's  metal* 
Defects  occumng  in  brass.   Colouring  and  lacquering. 

Iron. 

Physical  and  Chemical  Properties.  Magnetism.  Tenacity  or 
tensile  strength.  Specific  heat.  Dilatation  by  Heat,  Action  of  heat. 
Weldmg.  "  Burnt  Iron."  Crystalline  and  fibrous  iron.  Effect  of 
cold  hammering  npon  iron.  Atomic  weight.  Iron  and  oxygen. — 
PK>toxide;  8e8q[uioxide  or  red  oxide;  hydnted  sesquioxide;  magnetic 
oxide ;  iron  scale,  or  hammer  slag.  Ferric  Acid,  Iron  and  Water. — ^Presep- 
^ration  of  iron  horn  rust.  Iron  and  Sulphur. — Bisulphide  :  protosulphide  ; 
pr^osulphide  exposed  to  the  action  of  vapour  of  water  at  a  high  tern* 
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'  perature.   Protosu^thide  of  iron  htated  with  carhon,  with  tegquioxide  of 
'  iron,  with  iulphate  of  protoxide  of  setqwmde  of  iron,  with  protoxide  of 
had,  with  other  metallic  sulphides,  with  siUca,  with  siUea  and  carbon, 

*  Sesquisuijflnde  :  bisulphide ;  or  iron  pyrites.  Msf^netic  pyrites.  Sulphate 
'  of  protoxide  of  iron^  copperas,  or  green  yitriol.    Neutral  tersnlphate  of 

sesquioxide  of  iron.   Sulphides  of  iron  roasted  with  access  of  air.  Iron 
and  Nitrogen. — Results  of  experiments.   Passknty  of  iron.    Iron  and 
Phosphorus. — Phosphides  of  iron.   On  the  action  of  carbon  on  iron  con- 
taining phosphorus.    Phosphate  of  protoxide  of  iron.    Phosphate  of 
'sesquioxide  of  iron.    On  the  action  of  iron  at  a  high  temperature  i^pos 
'phosphate  of  Kmc  in  the  presence  of  carbon.   Ditto  in  the  presence  of 
carbon  and  free  silica.    On  the  action  of  phosphorus  on  iron  eontainmg 
sulphur.   Iron  and  Arsenic,    Case-hardening  of  iron  or  steel  by  arsenic, 
'  Sibcon.   Silicon  and  nitrogen.    Manganese  and  Silicon,     lion  and 

*  Silicon. — Reduction  of  silica  b^  carbon  in  the  presence  of  oxide  of  iron 
'and  other  bases.  Protoxide  of  iron  and  silica.  Reduction  of  sificate  of 
-protoxide  of  iron  br  carbon.   Silicate  of  sesquioxide  of  iron,  THbade 

*  silicate  of  protoxiae  of  iron  heated  with  access  of  ear.  lAguation  of 
silicate  of  protoxide  of  iron  containing  phosphorus.   Protoxide  of  iron  and 

'  boracic  acid.  Sesquioxide  of  iron  and  boracic  acid.  Iron  and  Caiban.— 
Modes  of  effecting  the  combination  of  carbon  with  iron.  Cemeutsr 
tion.  Action  of  carbonic  oxide  upon  iron.  Action  of  soHd  carbon  upon 
iron.    In  an  atmosphere  of  carbonic  oaade.   In  an  atmosphere  of  hydrogen^ 

.  Amount  of  carbon  in  iron.   Maximum  amount  of  carbon  enable  of 

'  being  taken  up  by  pure  iron.  Iron,  manganese,  and  carbon.  Modes  of 
existence  of  carblon  in  iron,  grey,  white,  and  mottled  cast  iron.  Chitt- 

.  casting.    Spiegeleisen,  or  specular  cast  iron.  Action  of  siMeon  andefsal' 

'phur  on  iron  containing  carbon.  Abstraction  of  silicon  from  castinm 
oy  fusion  with  sesquioxide  of  iron  akme,  and  with  the  midiiion  ef  man' 

.ganese.  Carbonate  of  protoxide  of  iron.  Action  of  dilute  sulphuric  or 
hydrochloric  acid  on  white  and  grey  cast  iron.   Action  of  sea  water  on 

•oast  iron. 

Alloys  of  Iron. — Iron  and  copper.  Iron  and  zinc.  Proeeaa  of  ziaeiiig 
or  galvanizing  iron.  Iron,  copper,  and  zinc.  Heir's  psteut.  Asth-metM, 
■  Sterro-^nstal,  Iron  and  tin.  Hardening  the  tops  ef  rails  with  tin, 
Stirling's  patent.  Action  of  tin  on  cast  iron,  fion  and  manganese; 
^aniumi  lead:  bismuth;  nickel:  cobalt:  mercury:  sHoer:  gM: 
platinum:  rhodium:  aluminium:  chromium:  tungsten. 

Ores  of  Iron. — Physical  properties  and  chenueal  compositiiai  of 
Magnetic  oxide  of  iron,  magnetite.   Eranklinite.   Red  hematite,  rod 
ore  or  anhydrous  sesquioxide  of  iron.  Brown  hiematite,  brown  iron  ore, 
or  hydrated  sesquioxide  of  iron.   Spathic  carbonate,  or  spaoy  iron  oie. 
Argillaoious  iron  oroB,  clay  or  daybuid  ironstones. 

Assaying  of  iron  ores  by  dry  and  wet  methods. 
.  Direct  Extraction  of  Ixoa  in  the  Malleable  State  firam  the  Ore.— Iron 
-Smelting  in  India,  Burma,  Borneo,  Afinoa>  and  Madagascar.  Cateka 
.Process;  trompe,  or  blowing  madiine.  Its  advanUiges  and  dissdf 
vantages.  Water  wheel,  hammer,  and  anviL  Theory  ^  the  proem. 
Conditions  affecting  the  quality  of  the  iron  produced.  Characters  of  the 
iron  produced.  The  Osmund  furnace.  Stiickhofen  or  High  Bloomoy 
Furnace.  Clay's  process,  Renton's  process.  Chenofs  process*  ladiiect 
Extraction  of  Iron  in  the  State  of  Cast  Iron  from  the  Ore.— iSveoM 
charcoal  blast  Jumaoe:  mine  kiln.  Pressure  qfthebl^.  Tetsperaimt 
jtf  the  blast.  Iron  ores  employed.  Most  important  iron  mines  in  Sweden. 
Smelting  of  lake  and  bog  iron  ores  in  Suteden.  Description  of  the  modem 
blast  fJrnace ;  foundation,  hearth,  twyer  openmgs,  tw^er,  tunnel  head, 
bracing,  blast  main,  and  blast  pipes,  blast  engines.  Omder  tubs.  Che- 
jmcal  phenomena  of  the  modem  blast  fnmaee.    Hot  Biast— Neilson'' 
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ftkeat  When  first  put  into  opendon.  AppantosfiNr  besting  the  blaaC: 
Neifson*9  first  apparatus.  CaMt'4r<m  tulndar  oven,  Syi^on  pipe,  bo»fooi 
pipe,  ^ral  pipe,  and  p^te^hinpipe  oven.  Ckis  wen,  Rmmd  or  wal 
oven.  Theory  of  the  hot  blast.  Saving  of  fiicK  Water-twyers,  The 
Gaeee  of  Iron-smelting  Blast  Fi]maoes.--Coniposition  of  the  gases 
of  the  Fumaoe.  Prodiu:tion  of  cyanogen  in  the  blast  fumaee.  Ten^ 
perature  of  the  blast  fmmaee  at  different  depths.  Utilization  of  the  gases 
escaping  from  blast  fomaoes.  The  waste  gas.*'  Modes  of  taking  off 
the  gases  with  opm-mouthed  and  with  close-monthed  farnaces.  soHd 
'matter  carried  over  with  the  waste  gas.  The  best  form  of  the  blast 
fomaoe.  Decrease  in  volume  which  the  materials  undergo  daring  thei^ 
liesoent.  Elliptical  fumaoe.  Reetangularor  Raehettefumaee.  mowing 
vs  a  blast  fioTiaee,  Tapping.  Sand-bed  for  casting.  Derangements 
in  the  working,  scsffoldmg,  and  slips.  Loss  of  iron*  in  the  sli^. 
indications  afforded  by  coUmr  of  slags.  Spontaneous  disintegratiom 
Potash  in  slags.  Accidental  products  of  blast  furnaces.  Sitieai 
Furnace  cadmia  or  calamine.  Cyanonitride  of  titanium,  Qr€^hit€  ^ 
kish.  Reduction  of  phosphoric  acid  in  the  blast  furnace,  and  passage 
of  the  phosphorus  into  tne  pig  iron.  Economical  application  of  blast 
fbmaoe  slags.  Effects  of  long  continued  heat  upon  sandstone  in  the  hearth 
bottom.  Substitution  if  lime  for  limestone  as  a  fhuc.  Application  of 
ehhride  of  sodium.  Explosions  in  blast  furnaces.  Poisoning  by  gas 
Mcidontallj  esd^ingfrom  blast  fixmaoes.   Yields  of  blast  furnaces. 

VanoQS  kinds  of  Pig  Iron. — ^Spiegeleiaen.  Pig  iron  made  from  msgw 
netic  iron  ore.  Do.  from  red  hsematite.  Do.yroai  brown  hamatite.  Pig 
trom  produced  euelusively  from  Northamptonshire  ore.  Do.  wholly  or 
chienjr  from  argUlaoeous  iron  ore  of  tna  coal  measures.  YorhMro, 
DerbgsUre.  South  StagTordMre.  North  Staffordshire.  South  Weiss. 
Do^from  Cleveland  ore.   TUamifercmB  pig  iron, 

Froducfcioa  of  Malleable  Iron  from  Cast  Ir<m. — ^South  Webb  processi 
tiie  hollow  fire.  Swedish  Ijtncashiw  Hearth ;  Walloon  process,  as  con^ 
ducted  in  Sweden.  Corinthian  process.  Slags  or  cinders  produced  in 
finely  processes.  Rumiiiig  out  fire  or  refinery ;  composition  of  refinedl 
iioa;  do.  refinery  slags  or  dndezs.  Paddling;  pudaling  furnace.  In^ 
vcntion  of  iron  bottoms;  manipulation;  theory  of  the  process;  oon»- 
tooshwn  of  tap  cinder ;  invention  of  tihe  boiling  process ;  doable  pud^ 
dling  frnrnaces.  Mechanical  puddling.  ApoUcation  of  waste  olasi 
fwmaee  gas  to  puddling.  Siemens*  gas  puddling  furnace:  prineiple 
vfihefietnoce.  The  gas  producers.  Construction,  PvddUng  unth  drisd 
wood.  Stamping  and  assorting  ouddled  balls.  Utilisation  of  the  waste 
Ikeat  of  puddling  furnaces.  Working  of  the  Ball. — Foige  hammers ; 
tilt  fasmxners.  Helves  or  lift  hammers.  Steam  forge  hammers  :  Nuamyth^a, 
Condie*s.  Squeezers;  crocodile.  Horizontal  rotary.  Vertical  rotary. 
Broum^s  shingling  machine.  Puddling  or  puddle  rolls.  ComposMMi  qf 
puddled  bars.  Working  of  the  Puddled  Bar  into  Merchant  or  FiiushM 
Iron, — Rdieating  fdmace;  with  coal  as  fiiel.  With  gaseous  ftiel,  or 
gsg  wdding  fdniace.  PiUng.  Accidents  in  rolling  mills.  Yield  of 
puddled  aini  finished  iron.  Maaufscture  of  rails.  Composition  of  tie 
cinder  from  the  reheating  furnace. 

\  Vaneties  of  Sheet  Iron  and  Slit  Rods.— Tin  plates.  Charcoal  plates. 
Coke  plates,  Belgian  sheets.  Russian  sheets.  Slit  rods.  Special 
Cfcaalities  of  Iron. — South  Yorlahire.  Process  of  manufacture  at  Low- 
moor,  Bowling,  and  Faml^.  South  Staffordshire.  Swedish  trow. 
Jkmnemora.  Russian  iron.  Boat  plates.  Armour  plates ;  rolled:  ham^ 
meted..  Mending  broken  rolls* 

Permanent  expansion  of  cast  iron  by  exposure  to  long  continued  heat 
at  or  above  redness.   Dilatation  of  cast  iron  by  heat. 

I^dnetion  of  Sted.—By  the  Addition  of  Carbon  to  Malleable  Iron : 
In  the  direct  reduction  of  iron  ores  at  one  operation^,  il^^^^^^ji^^le 
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procesa.  In  crucibles.  In  oonvertuiff  fumaoet.  Carimzintioa  of  irom 
as  a  distinct  process ;  caxburintion  of  pulrenilent  iron.  ChmWs  pro" 
cesi,  Carburisation  of  bar  iron.  Converting  ftimaoe.  CaHmnzaticm  by 
gaseous  comptnmds  of  carbon,  Carburisation  br  fdstng  oompsot  iron 
with  carbonaceous  matter;  Hindoo  process,  noots,  MnsMt  steeL 
By  the  partial  Decarburization  of  Cast  Iron  ^— By  fiising  in  heaiihs. 
Bffpudalinff.  Composition  of  puddled  steel.  UehaHns  process.  By 
cementation.  By  Fusion  of  Pig  Iron  with  Malleable  Iron : — Immersion 
qf  nuiUeable  iron  in  moUen  cast  iron.  By  Blowing  Atmoapheric  Air 
inrough  Molten  Pig  Iron. — Bessemer  process.  Description  of  the  sppa- 
ratus.  Parry's  process  of  maniifacturing  iron  and  sted.  Casting  of 
Steel. — Furnaces  and  crucibles.  Fusion  of  steel  in  the  remberstarj 
furnace.  Tie  addition  ofmanaanese  in  the  casting  ofsteeL  Manipula- 
tion of  SteeL — Hardening  and  tempering  steel.  MetalUc  baths  for  tie 
Mse  of  workkig  cntlers.  l%eory  of  hardemng  and  tempering  steeL  Eism* 
mering  steel.  Welding  sted.  Shear  ste^  Casting  steel  on  wrosgkt 
iron.  Damaskeening. 

Lbad. 

Physical  and  Chemical  Properties.  Dilatation  bg  heat.  Condnetimtf 
for  heat  and  eleetrieitg.  Action  of  heat.  Autogenous  soldeiing. 
Action  of  air,  of  water,  of  carbonic  acid,  of  dioxide  of  copper^  and 
acids  upon  lead.  Protoxide;  mode  of  formation  bjr  dry  and  we^  methods. 
Physical  characters  of  massicot  and  litharge.  Action  of  heat.  Aokion  of 
oarl>on,  of  hydrogen,  and  qf  carbonic  (mide.  Fusibility  with  metsBic 
4>xides.  Actum  tf  metals  when  heated  with  protogide  of  lead,  Dioaiie: 
Binoxide ;  mode  of  formation .  Sesquioaide  /  Red  lead ;  process  of  manu- 
facture. Physical  and  chemical  properties.  Action  of  heat.  Action 
acids.  Sulphide;  physical  and  chemical  properties.  Action  of  heat  and 
air  upon  sulphide  of  lead ;  in  the  presence  of  iron  pyrites  and  of  blende. 
Action  qf  hydrogen  and  of  steam  upon  sulphide  of  lead.  Action  of  protoxide 
of  lead,  silicates  of  protoxide  of  lead,  of  alkaUes,  qf  carbonate  of  soda,  of 
•cyanide  of  potassium,  of  alkalies  and  alkaline  carbonates  and  csrbon> 
of  lime  and  carbon,  of  peroxide  of  iron  and  carbon,  of  nitrate  of 
potash,  qf  chloride  of  sodium,  of  iron,  qf  tin,  and  of  copper  when  heated 
with  sulphide  of  lead.  Combination  of  sulphide  of  1cm  with  other  sul* 
l>hides.  Subsulphides  of  lead.  Sulphate ;  physical  and  chendeal  proper- 
ties. Action  of  heat.  Action  of  carbon,  oi  iron,  of  lead,  of  protcudde  of 
lead,  of  sulphide  of  lead,  of  chloride  of  lead,  of  silica^  of  lime,  of  chloride 
qf  sodium,  and  of  cyanide  of  potassium,  upon  sulphate  of  lead.  Su^hate 
if  lead  and  fnor  spar.  Lead  and  Phosphorus.  Phosphide ;  phosphates. 
Xiead  and  Arsenic.  Action  of  arsenious  add  on  lead.  Arseniate  of  lead. 
Silicates  of  Protoxide  of  lead.  Methods  of  formation.  FusibiHfy.  Action 
of  carbon,  of  sulphur,  of  sulphide  qf  iron,  of  iron,  of  lime,  of  Unte  and 
carbon,  of  peroxide  of  iron  and  caibon  upon  silicates  of  protoxide  of 
lead.  Silicates  of  protoxide  of  lead  and  potasH.  Silicates  of  protoside 
of  lead  and  Ume.  Silicates  of  protoxide  qf  lead,  lime,  and  akuma. 
Borates  of  protoxide  of  lead.   Carbonate ;  white  lend.   Action  of  heaL 

Alloys  of  Lead. — Lead  and  antimony;  zinc;  copper:  mercwry:  gold: 
Alver. 

Ores  of  Lead. — Physical  character  and  chemical  composition  of; 
Galena  or  sulphide  of  lead.  Cerusite,  or  carbonate  of  protoxide  of  lesd. 
Anglesite  or  sulphate  of  protoxide  of  lead.  Pyromorphite  or  phoephste 
of  protoxide  or  lead.  Mimetisite  or  arseniate  of  protoxide  of  lead* 
MineralB  occurring  with  galena. 

Methods  of  assaying  Lead  Ores. 

Extraction  of  Lead  from  the  Ore.— In  ur  fumaoea :  Old  English 
process.  Peruman  process.  Spanish  process.  In  bla8i^faniaoa;.»»- 
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doo  proetn.  Ore  Hearth. — Constraction  of  the  furnaces,  method  of 
worlung,  nature  of  the  products,  chemical  composition  of  the  produeU 
and  ehaideal  reactione  wiach  occur  in  the  nrocess.  American  ore  hearth,^ 
PecuHariiy,  Advantages,  German  metnod  with  iron,  or  '*  precipitation 
process/' — Description  of  furnaces,  mode  of  workin^if,  nature  of  the 
products,  chemieel  composition  of  the^  products  and  chemical  prine^ks 
mcolved,  Comfosition  of  lead  speiseT  Smeltin^if  of  r^rulus.  German 
method  with  silicate  of  protoxide  of  iron,  or  iron  remiery  slags.  In 
i«verbenttoiy  fiimaoes :  Derbyshire  furnace. — Ph)cess,  description  of  the 
ftimace,  nature  and  eompost/iofi  of  the  products  and  chemical  reactions 
tneohoed,  Flintshire  furnace. — Process,  peculiarities,  nature  of  the  pro* 
ducts,  chemieal  composition  of  the  products  and  chemical  reactions  which 
occur .  Action  of  Ume.  Cornish  process. — Description  of  ''caldner/' 
and  of  "  flowing  furnaces."  Nature  of  the  products.  Chemical  composi* 
tiou  of  products.  Action  of  iron,  Bleiberg  process. — Peculiarities  of 
the  process,  character  of  fiimace.  Methoa  of  working,  nature  of  the 
products  and  chemical  composition  of  products.  Modifications  of  process. 
Smelting  of  lead  slags :  Slag  hearth. — Description  of  furnace,  mode  of 
working,  con^itosition  of  pro&cts  and  chemical  reactions  involved,  Spanish 
dag  hnrth. — ^Description  of  furnace,  mode  of  working,  nature  of  pro* 
ducts  and  chemical  conuaosition  of  products.  Smelting  of  lad  fiime. 
Reduction  of  litharge.  Softening  or  hard  lead.  Smelting  of  sulphato 
of  protoxide  of  lead  ore.   Con^position  of  the  products. 

jSxtiaction  of  Silver  horn  Lead.-^Pattinson's  process. — Theory  (f  the 
proeesSf  methods  of  working,  description  of  the  apparatus  and  me- 
chania^  appUances.  Limit  of  concentration.  Effect  of  foreign  metals, 
Parkes'  process. — Methods  of  working.  Princ^les  involved.  English 
process  of  cupellation. — Construction  of  furnace,  mode  of  conducting 
the  process,  nature  of  the  products,  chemical  composition  qf  the  products 
and  chemical  reactions  involved.  German  process  of  cupdlation  (ab* 
treiben). — Description  of  furnace,  mode  of  conducting  the  process^ 
aature  of  the  products  and  chemical  compontion  of  products,  Kefining 
of  "  Blicksilber." — In  open  test   Under  a  muffle. 

Apparatus  for  condensing  Lead  Fume.  Physical  properties  and 
chemieal  composition  of  lead  fume.  Varieties  of  Lead  in  Commerce.  Im* 
purities  occurring  in  lead.   Methods  of  testing  for  metals  present  in  lead, 

SlLVBR. 

Physical  and  chemical  properties.  Dilatation  by  heat.  Conductivity 
for  heat  and  electricity.  Specific  heat.  Action  of  heat,  of  heat  and  air, 
of  nitre,  of  chloride  of  sodium,  of  oxide  of  copper,  of  protoxide  of  lead, 
of  sulphate  of  protoxide  of  copper,  and  of  acids  upon  silrer.  Silver  and 
Oxygen.  T^toxide;  physical  and  chemical  properties.  Methods  of 
producing.  Action  of  heat.  Action  of  carbon.  Action  qf  chlorine 
Silver  and  Sulphur.  Sulphide;  physical  and  chemical  properties. 
Modes  of  formation.  Action  of  heat.  Action  of  heat  and  air.  Action 
of  heat  and  air  in  the  presence  of  iron  pyrites,  copper  pyrites,  disulphide 
qf  copper,  blende,  and  galena.  Action  of  hydrogen,  of  steam,  of  acids, 
of  mtre,  of  iron,  of  lead,  qf  copper,  and  of  mercury  upon  sidphide  of 
silver.  Combination  with  other  sulphides.  "  Oxidized  silver '^process. 
Sulphate;  physicad  and  chemical  properties.  Mode  of  producing. 
Actum  of  heat.  Action  of  chloride  of  sodium.  Mode  of  formation  of 
compound  of  sulphide  and  sulphate  of  silver.  Solubility  in  water.  Sul^ 
phite;  hyposulpnite ;  methoa  of  preparation.  Action  of  hydrochloric 
add  upon,'  Action  of  hyposulphite  of  soda  on  chloride  of  ^silver. 
Nitrate ;  physical  and  chemical  properties.  Action  of  heat.  Method  of 
separation  nom  nitrate  of  protoxide  of  copper.  Action  of  carbon  and 
phosphorus  upon  solutions  of.  Silver  and  Chlorine.  Chloride ;  physical 
and  diemical  properties.  Methods  of  formation  fS^C^C^lfh 
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eesm.  Metiioda  of  reduction  by  caxbooate  of  toda,  by  cMbanite  of 
lime,  by  sine.  AeHom  pf  kydropm,  of  aoids,  of  diloride  of  ndiam, 
cyanide  of  potastimm,  of  iion,  laid,  copper,  tin,  omHmimf,  aneme,  imt- 
evry,  of  sulphur,  of  metaUio  sulphides,  mnd  of  protoxide  of  lead  upoft 
ohloride  of  silver.  8iher  and  bromme.  Stiver  amd  icuMne,  SUm  tmd 
pkoaphorus.   Siher  and  areenie, 

AUoys  of  Silver.— Silver  and  lead;  copper;  goid;  mc;  palladmm ; 
mUimomy, 

Ores  of  Silver. — Physical  chaiacten  and  chemical  oompositimi  oft 
Native  silver.  Silver  glance  or  sulphide  of  silver.  Sniphrae  of  aim 
and  copper.  Antimonial  silver.  Ruby  silver  or  sulphide  of  siher  sod 
antimony.  Brittle  silver  glanoe.  Sulphide  of  silver  and  ancnie.  Pdv* 
basite.  Sulphide  of  silver,  antimony,  and  lead.  Horn  silver  or  cUom 
of  silver.  Bromide  of  eUver.  Iodide  of  silver.  Nature  of  metd^immi 
adnerah  eantaimnff  silver. 

Assaying  of  ores  and  aUoys  qfsib>er  by  the  dry  and  wet  metkodt. 

Method  of  Extraction. — ^Extraction  of  silver  from  argeatifeKNU 
eopper :  Liquation  process,  or  "  Saigeiarbeit."— Deaosiption  of  ftirasoe. 
Mode  of  operation.  Nature  of  the  products.  Ckemical  pmtifjm 
involved.  Extraction  of  silver  firom  the  ore :  Mexican  nmalgnnmtiif 
process.— Apparatus  emploved,  materials  used,  method  of  wvkingi 
aatnxe  of  the  products  and  ehemieal principles  invobfed,  Speeialtits^ 
the  process.  Working  of  the  silver  amalgam. .  Application  of  cofpef 
wnalyisfn.  Loss  cf  mkver  in  the  process,  Ckloriae  of  siker  proaas, 
Aetbeig  amalgamation  process. — Description  cf  fdmaces  and  appsntDib 
Mode  of  working  and  ckendeal  principles  involved.  Compositian  of  tiktr 
amalgam,  MetlK>d  of  separating  the  silver  from  the  amalgam.  Jsislf» 
matian  qf  argentiferons  speise.  Amalgamation  of  argentifams  capper 
regulus.  Exteaction  of  silver  from  argentiferous  regidns :  Ziwc^'s 
process.— Description  of  the  ftimaces  and  apparatus  employed,  nmod 
of  operation,  nature  of  the  products,  and  chemical  reactions  invelsei  in 
the  various  operations,  Speoudties  of  the  process.  Augustin's  prooen.— 
Description  of  the  process  and  ehemieal  principles  invdhsd.  Voo 
Fatenrs  method.— Apparatus  used,  materials  employed,  products  ob- 
tained, and  chemical  reactions  in  the  process.  Extrsodoa  of  sdver  from  ose 
by  means  of  lead :  Furnaces  used,  metiiod  of  working,  nakoe  of  tiw 
products.  Chemical  compcfsition  of  the  products  and  ehemieal  reseUent 
involved.  Methods  of  platii^  or  s&vertng :  Old  methods.  On  copper. 
On  steel.  Method  of  silvering  without  the  use  of  **  batteries." 
ping     silver  plate. 

YarietieB  of  silver  in  commerce.  Metals  occurring  in  silver.  Methods 
of  testing  silver  for  foreign  metals. 

Gold. 

• 

.  Phyncal  and  chemical  propcaties.   Dilatation  by  heat.  Condaeticity 

for  heat  and  electricity.    Action  of  heat.    Protoaide:  physical  frth 

perties,  mode  of  preparation,  action  of  hydrochlorie  acid.  Teroxidei 

physical  and  chemical  prop^es.   Protoralphide ;  md^ods  of  faima* 

tion,  physical  characters.   Tersulphide;  mode  of  producing,  phyiioil 

characters,  action  of  heat,  ofchlonne,  of  hyposulphite  of  soda,  anafffp^ 

ash  upon  tersulphide  of  gold.    Gold  and  phosphorus.    Gold  and  aneme. 

Oold  and  chlorine;  protochloride :  tercmoride ;  methods  of  fbnnstion. 

Action  of  oxalic  acid,  of  sulphate  of  protoxide  of  iron,  ofterehloride  0/ 

Dti/ifaofiy  and  of  chloride  of  arsenic  on  solutions  of  cluaride  of  ffoH 

PrMaration  of  purple  of  Cassias,   Method  qf  colouring  **  ruby  glass, 

Alloysof  gold.— Gold  and  copper;  sine:  silver;  lead;  fis/ oalMMir' 

•nrfumi ;  platinum  ;  palladiam ;  copper  and  zinc ;  silver  and  copper. 

™L,T       *^hstone.   Definition  qf  the  terms  "standard'*  ^ 
carats  t 
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Ores  of  Gdd.— Nalave  gfold ;  pbyskad  ch&ncter  snd  ehemidJ  compo- 
ntion.  Various  metattifertms  mmerah  eonimmng  gold,  Aunferous 
qaaitz. 

Assaying  of  ares  and  aXhgs  of  gold  bf  dry  -and  wet  methods. 

Methods  of  Ezixactioii. — Amalgamation  of  quartz  containing  gold ; 
apparatus  employed^  mode  of  working,  nature  of  the  products,  and 
method  of  extracting  the  gold  from  the  amalgam.  Longmaid*s  process. 
Amossam's  process  means  of  iron.  Planner's  process  by  cklarine, 
Mdtittg  of  goid  dost.   Sweep  refining. 

*SepMtion  of  Gold  from  Sihrer  and  Copper.  Parting. — Drw  metiiods : 
By  litharge  and  su^hnr^  By  cementation ;  description  of  we  process: 
■CiemSeal  reactions  involved.  By  snlpkmr.  Wet  methods :  Nitric  add 
|»iDoe8S ;  apparatus  used,  method  of  working,  and  chemictd  prineiples 
nnoclved.  Sulphuric  acid  process ;  apparatus  employed,  mode  of  woiIe* 
ing,  and  chemiced  reactions  involved,  Modifieations  of  the  process. 
R^mng  gold  eontaimng  sOioer  by  chhrine. 

Varieties  of  Gold  in  Commerce.  Methods  qf  detecting  capper ^  stiver, 
lead,  tin,  antimony,  platinumy  pedladinm,  and  irkUum  in  gM, 

Mercury  or  Quicksilver. 

^jsieal  and  chemical  properties.  Action  of  heat»  of  air,  qf  acUds, 
and  of  chlorine  upon  mercury.  Suboaide  ;  physical  and  chemietd  proper^ 
ties.  Protoxide  or  red  oxide ;  mode  of  formatiim»  phynoai  and  chenucal 
properties.  Action  of  heat.  Subsulphide  j  physical  and  chemical  proper' 
ties,  Protosulphide  or  Termilion;  me^oos  of  preparation,  physical  and 
chemical  propGities.  Action  of  heat,  of  heat  ana  air,  of  hyarogeng  of 
iron,  of  lune,  o/*  alhalies,  of  chhrine,  and  of  acids  upon  protosulphide. 
Suhchloride ;  physical  and  chemical  properties.  Protochloride ;  physical 
and  chemical  properties. 

Amalgams. — Mercury  and  silver ;  gold ;  copper ;  tron  ;  sodiunu 

Ores  of  Mercury. — Physical  characikers  and  chemical  composition  of : 
Native  mercury.  Cinnabar.  Native  amalgan.  Fahlore  containing  mer- 
cury.    Nature  of  other  minerals  containing  mercury. 

Methods  of  assaying  of  ores  qf  mercury. 

Methods  of  Extraction. — Description  of  fomaoe,  method  of  operation, 
nature  of  the  products,  and  chemical  reactions  involved  in  the  following 
methods :  HuanacaceUca  process,  Almaden  process.  Idrian  process, 
Leopold  furnace  process.  Alberti  process.  Hahner's  fiimaoe  process. 
Oauery  fitmace  process.   Fahlore  process. 

Impurities  vresent  in  mercury,  methods  of  testing  mercury  for  foreign 
metals.  Mooes  qf  purifying  commercial  varieties  of  mercury.  Water 
gilding. 

Cobalt. 

Physical  and  chemical  properties  of  the  metal.  Methods  of  preparao 
tion.  Protoxide;  mode  of  formation,  physical  and  cAtfnitca/ properties. 
Action  of  hydrogen.  Sesquioxide ;  methods  of  preparation,  physical  and 
ehemieal  properties.  Action  of  carbon.  Physical  and  chemical  properties 
and  mode  of  producing  the  compounds  of  cobalt  and  arsenic.  Arseniate 
qf  cobalt. 

Ores  of  Cobalt. — Ph^cal  character  and  chemical  compowtion  of: 
Cobalt  glance.  Smaltme.  Cobalt  bloom.  Nature  of  other  minerals 
containing  cobalt. 

Methods  of  estimating  cobalt. 

Cobalt  products. — Smalts ;  mode  of  preparation.  Apparatus  used. 
Nature  of  the  products.  Chemical  composition  of  the  promtcts.  Chemical 
prineiples  invoiced  in  Hie  manufacture.  Uses  of  smalts  and  oxide  of 
cobalt.   Silicate  of  protoxide  of  cobalt ;  mode  of  o^;^|^^|f^Q@Qnd^ 
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xihttmrtefs.  Rmmaim*9ffr$m:  modeofpreparaiiom.  Nature  (f.  Chemieal 
eampoiition,  Thenard^$  bhu :  modeofprqparatUm,  Natmteof,  Ckemieal 
composUion,  Phosphate  of  cobaU.  Fnntera'  blue ;  appticatkHU  Mo(k 
of  prepantion.   Nature  of.   Ghmiedl  compotUiom* 

Nickel. 

Physical  and  chemical  pronertieB  of  the  metal.  Fhraieal  and  chemieal 
properties  of  protoxide  ana  peroxide  of  nickel.  Actum  ef  hjfdrogea. 
Actum  of  carbon.  Physical  and  chemical  properties  and  mode  of  ohtein- 
ing  compomids  of  nickel  and  sulphur.  Fhymcel  and  cheadeal  piapertin 
of  the  compounds  of  nickel  and  arsenic.  Ivickel  speise ;  ckemieel  com- 
positum.  Pottery  nichel.  Actum  of  heat  and  air  mpoa  araemde  of  inm, 
cobalt,  and  nichel. 

Alloys  of  Nickel. — German  silyer;  mode  of  preparation,  phyactl 
characters  and  composition  of  the  commercial  varieties.  Naiwre  and 
eompoiitum  of  other  alloys  co/iUtMmg  nickeL 

Ona  of  Nickel. — Physical  ohanhoteta  and  cAemtca^  composUkm  of: 
Kupfemickel.  Nickeliferous  pyrites.  Arsenical  ni6kel.  Nickel  glsnoa. 
Mitlerite,   Nature  of  other  minerals  containing  nickeL   Meteoric  troa. 

Methods  of  assaying  nickel  ores. 

Methods  of  Extraction. — Apparatus  employed,  mode  of  workings 
•nature  of  the  products,  and  chemical  reactions  invohed. 

Commercial  Taiieties  of  nickel.   Fkureign  m^tiUs  occurring  m  nickeL 

ASSBHIC. 

Physical  and  chemical  properties.  Action  of  heat,  and  of  heat  and  sir 
upon  the  metal.  Physical  and  chemical  properties,  and  methods  of 
pre]^aration  of  the  compounds  of  arsenic  and  oxygen.  Action  ofUgit, 
Action  of  heat.  Action  of  carbon,  of  hydrogen,  and  of  carbonic  omde 
uoon  nrsenious  add.  Physical  and  chemical  properties,  and  methods  of 
ODtaining  the  compounds  of  arsenic  and  sulphur.  Action  of  heat,  of 
carbonate  of  soda  and  carbon,  and  of  cyanide  of  potassium  v^fon  the  nJ* 
phides  of  arsenic. 

Ores  of  Arsenic. — Physical  characters  and  chemical  con^osition  of: 
Native  arsenic.  Realgar.  Orpiment.  Mispickel.  Arsenical  iron  pyiites. 
Nature  of  other  minerals  containing  arsenic, 
' '  Methods  qf  estimating  arsenic. 

Methods  used  for  obtaining  White  Arsenic. — Description  of  appa- 
ratus, methods  of  working,  nature  of  the  products  and  chemical  reactions 
involved.  Methods  of  r^ning  white  arsenic ;  description  of  appsntus, 
mode  of  working,  and  nature  of  products.  Preparation  and  chemieti 
composition  of  yellow  arsenic  glass.  Preparation  and  chemical  cos^kwh 
tion  of  red  arsenic  glass.   Preparation  of  metallic  arsenic. 

Applications  of  arsenic  and  its  various  compounds.  Nature  and 
chemical  composition  of  Emerald  Green  and  Scheele*s  green,  Opaleseent 
glass.   Mode  of  producing  Qreen  bronze* 

Antimony. 

Physical  and  chemical  properties  of  the  metal.  Physical  and  chemiaU 
properties,  and  methods  of  formation  of  the  followmg  oxides  of  anti- 
mony : — Teroxide ;  action  of  carbon,  of  cyanide  of  potassium,  and  of 
sidpnur,  upon  teroxide  of  antimony.  Intermediate  oxide.  Antimonic 
add;  action  of  heat.  Tersulphide;  methods  of  formation.  PhysiosI 
and  chemical  properties.  Action  of  heat,  of  heat  and  air,  of  ^eam,  of 
carbon,  of  carbonic  osnde,  of  cyanide  of  potassium,  of  nitre,  of  iron,  of 
copper,  of  tin,  and  qf  acids  upon  tersulphide  of  antimony.  Glass  of 
antamony.   Liver  of  antimony.  ^  t 
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Alloys  of  Antimony. — ^Antimony  and  lead.  Action  of  beat  and  air 
upon  luloys  of  antimony  and  lead.  Antimoniates  of  protoxide  of  lead. 
Ifaples  yellow.  Composition  of  type  metal  and  stereotype  metal. 
Antimony  and  iron:  copper;  ** R^/utus  venvs**  tin.  Uther  alloy 9 
containing  antimony  used  in  the  arts. 

Ores  of  Antimony. — Physical  characters  and  chemical  composition  of: 
Native  antimony,  Antunony  f^isjice.  Valentinite.  Antimony  ochre. 
Bed  antimony  ore,  Natmre  of  other  minerais  containing  antimony. 

Assaying  of  ores  of  antimony. 

Methods  of  Extraction. — ^Apparatus  used,  methods  of  working,  nature 
of  the  products.  Chemical  composition  cf  the  products,  and  chmical 
reactions  involved  in  the  following  methods  :  —  Liquation  process. 
Reduction  by  iron,  English  process.   French  method. 

Foreign  metals  occurring  m  antimony.  Methods  of  testing  for  foreign 
m^ttls. .  .  . , 

Tin. 

Physical  and  chemical  properties  of  the  metal.  Action  of  heat^  of  air, 
of  heat  and  air,  and  of  acids  upon  the  metal.  Action  of  tin  on  various 
metallic  oxides.  Physical  and  chemical  properties  of  the  following : — 
Protoxide;  Sesquioxide;  fiinoxide;  "Putty  powder."  Stannate  of 
soda.  Physical  and  chemical  properties  of  tiie  following : — Protosul- 
phide   Persmlphide:  Protochloride :  Perchhride,   Tin  and  Arsenic. 

Allore  of  Tm.— "Hn  and  copper.  Physical  properties  and  composi* 
tion  of  bronce.  Bell  metal,  and  Speculiun  metal.  Casting  of  Bronze. 
Tin  and  antimony.  Britannia  metal.  Tin  and  sine,  Tm  and  lead. 
Pewter.  Solder*  Soldering.  Tin,  lead,  and  copper.  Roman  pot  metal. 
Other  alloys  employed  containing  tin.  Bearing  metal.  Amalgam  for 
electrical  machines.  Tin  bronze.    Tinning  of  brass  pins. 

Ores  of  Tin.  —  Nature  and  chemical  composition  of  Cassiterite. 

Stream  tin."  "  Mine  tin.'*  Wood  tin."  Tin  pyrites  or  bell-metal 
ore.   Minerals  occurring  with  tin  ores. 

Assaying  of  tin  ores. 

Smelting  of  Tin  Ores. — In  reverberatory  and  blast  furnaces.  —  De- 
jonption  of  furnaces  used,  methods  of  working,  nature  of  the  products, 
chendcdl  comffosition  of  the  products,  and  chemical  reactions  involved* 
Refining  of  tm.    Oxland's  process. 

Conunercial  Varieties  of  Tin. — Common  tin.  Refined  tin.  Grain 
tin.  Block  tin.  Foreign  metals  occurring  in  tin.  Methods  of  testing  for 
foreign  metals. 

Bismuth* 

Physical  and  chemical  properties.  Action  of  heat,  of  air,  qf  steam, 
and  qf  acids  upon  bismuth.  Teroxide ;  mode  of  formation.  Physical  and 
ehemieal  properties.  Action  of  carbon.  Protoxide.  Tersulphide; 
methods  of  formation.  Physical  and  chemical  properties.  Action  of 
iieat.  Action  of  hydrogen.  Action  qf  metals  whm  heated  with  Tersul" 
pkide  cf  Bismuth. 

AlloTs  of  Bismuth. — ^Nature  and  composition  of  alloys  containing 
bismutn  exnployed. 

Ores  of  Bismuth. — ^Names  of  yaxious  .minerals  containing  bismuth. 
Physical  characters  and  chemical  con^sition  of  minerals  containing 
iftsmuth. 

Methods  of  estimating  bismuth. 

Methods  of  Extraction. — ^Apparatus  used.  Description  of  processes, 
4ind  chemical  actions  invokea  in  the  various  methods,  Ola  methods. 
Recent  methods.  Plattner^s  furnace. 

Fbreign  metals  occurring  in  bismuth.  Methods  of  testing  for  foreign 
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Platiwom. 

^  Physical  and  chemical  properties  of  tlie  metal.  The  ftropertiet  of 
Platinum  blaei  and  Spongy  platinum,  and  methods  of  formation. 

Ores  of  Platinum.— Native  platinum.  Physi(^  characters.  MetdU 
occuming  in,  MtneraU  associated  with. 

Methods  of  Extraction.—- Wet  method.  DeviUe's  method«  Mdting 
of  platinum.    Working  qf  platinum. 


SUBJECT  XX.— NAVIGATION. 

F1B8T  Staob  or  Elsmsntaby  CouBtB. 

General  Notions,— -Tigwet  of  the  earth ;  earth's  diameter,  axis,  poles. 
Meridians ;  equator,  equinoctial.  Funllels  of  latitude ;  latitude,  £>ngi- 
tude.  Diffexence  of  latitude;  difference  of  longitude.  Rhumb  line; 
course  ;  nautical  distance,  meridian  distance  ;  departure. 

Examples  of  differences  of  latitude  and  longitude.  The  meridian 
distance  is  equsJ  to  the  diffierenoe  of  longitude  multiplied  by  cosine  of 
latitude.  When  a  ship  te  sailing  on  a  parallel  of  latitude : —  (1)^  given 
the  distance  made  good  and  latitude  to  find  the  difBoenoe  of 
lonffitude;  (2),  given  the  diffiezence  of  longitude  and  the  latitude  to 
ILid  the  distance ;  (3),  ffiven  the  meridian  distance  and  the  £fferenoe 
of  longitude  to  find  the  Utitude. 

T%e  Compass, — Description  ;  Points.  Number  of  dmees,  minixtefi, 
and  seconds  in  a  point,  i  poini  i  point,  f  point.  To  reduce  points  and 
parts  of  points  into  degrees,  minutes,  and  seconds,  and  conversely. 

Vairiatum  of  the  Compass :  easterly,  westerly.  How  to  be  allowed 
(1)  when  it  is  required  to  find  the  true  from  compass  course ;  (2),  to  find 
compass  course  from  true. 

Causes  of  Local  Deviation. — How  the  amount  of  local  deviatkn  is 
ascertained  practically ;  how  aHowed.  Examples  of  correction  of  courses 
for  variation  and  deviation. 

JOevasf.— Definition.  Starboard  tack^  port  tack,  dose-hauled.  How 
leeway  is  to  be  aHowed.  Examples. 

7^  IfOa.-rDescmtion.    How  divided. 

Plane  jfistZtn^.^Construction  of  figures.  Proof  of  formube  used  in 

Slane  saQing,  viz.,  connecting  nautical  distance,  diflbrence  of  Istitad^ 
eparture  and  course.  Examples. 

TriOferse  Sailing, — Definition  of  a  traverse.  To  resolve  a  traverse. 
Construction  of  traverse  table.  *  Examples. 
Mid^  Laiiimde  Smlmg.^To  prove  the  ftoQnubs  iued«  Efamples. 

Sbcoxd  Staxib  OB  Advanced  Course. 

Mercator*s  FrojwHm  and  Cfturl.— DeaoriptkuL  Hoiw  OMridiaas  aie 
laid  down,  and  divided  for  representation  of  the  latitudes.  Chief  valna 
of  tile  diwt  ift       TkMM  iStu^Mtf^  wbkik  Airtvaip^  Una .  joinsag  aav  two 

places  on  a  chart  makes  with  the  meridians  is  equal  to  that  whioi  the 
"  riimnb  line  joiaiaff  the  same  t^e-plaoee  on  the  globe  makes  with  the 

meridians":  proorof  this. 

To  draw  a  Mercator's  chart.  To  find  the  latitude  and  lon^ptnde  ol  aar 
place  on  the  chart,  and  vice  versd,  from  the  latitude  and  longitude  to  fina 
Its  place  on  the  chart.  To  find  the  course  between  two  places  on  tiie  chart. 
To  find  the  ship's  place  by  the  bearing  of  two  known  places  er  head* 
To  ]ny  down  a  rock,  ishind,  or  beadUnd  fiom  observed  beariags. 
To  findihe  cBstance  between  two  places  on  the  cfattt.  Ftom  the  ooorse 
nd  distance  run  to  find  the  place  on  the  chart.  ^  t 
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IVooIb  of  rales  naed  in  Meroatar's  sailing.  Examples. 

Local  Deviation, — More  accurate  account  of  the  causes  of  ^ab-perma* 
nent  and  induced  magnetism.  Laws  of  induced  maffnetism  in  a  sbip. 
Semicircular  and  quadrantal  d«viation.  Description  m  modes  for  ascer-^ 
taining  the  amount  of  deviation. 

Great  Cirele  SoUnm.— Given  the  latitude  and  longiikide  of  two  places 
to  find  the  distance  between  them  on  a  great  circle.  To  find  also  the 
latitude  and  longitude  of  the  vertex.  To  find  a  succession  of  points  on 
a  ^^eat  drde  between  two  places.  Examples. 

jSnors  to  which  the  log  is  liable.  Havmg  given  the  apparent  distance 
ion  with  given  known  enrars  in  log  line  and  glass,  to  find  the  true 
distance. 

To  find  the  difference  of  longitude  made  on  a  traverse.  *  Sea  journal* 
mdng  a  departure.  Log-boardand  log-book.  Day's  work.  Examples. 

Examination  fob  Honours. 

In  ad^on  to  the  above  Hiere  will  be  required— 
The  proof  of  the  rule  for  finding  moidional  parts,  vis.  !<-• 
m=3-  8988496+  log.  (log.  cot.  i  oolat.  -  10). 
Problems  in  Marine  Surveying,  &c. 

Tkxt  Books. 

Candidates  ion  examinadon  in  this  suliject  are  seoommeiided  to  use 
^  following  bodka 

A  Treatise  on  Namaation  and  Nantieai  AtirmuMf,  bj  J.  Riddle  {wkk 
3ii5feff),  2  vols.,  ll«.  6fll  Tables  separate,  6f. 

(London,  Simpkin  &  Menhall,  8th  ed.,  1664.) 
Nmrngaiion  ami  Nautical  A$tromon^s      H.  W.  Jeans,  in  two  parts, 
12mo.,  be.  eadk,  or  in  one  vol.  9^. 

(London,  Longmsn,  new  ed.,- 1860.) 
Oiv  Namfotkm  and  Nautical  Asironomyg  by.  Merrifield  &  Evers; 

(London^  Longman  8e  Co.) 
Nautical  Tables  for  British  Seamen,  by  James  Inman,  8vo.,  14#. 

(London,  Rivington,  1862.) 
For  reference  the  following  books  nmy  be  consulted 
1.  NaeisfaHon  md  Nautical  Awtromoumf  for  Britisk  Semneu^  bjr  James 
Inman,  8vo.  (London,  Rivmgton.) 

'      Practice  qfNavi9atitm,hjD:BATpest,R.N. 

3.  Nacigation  and  Nautical  Astronmnm,  by  —  Bowditch. 

(U.S.  America.) 

4.  Glossary  qf  Naviaatitnh  by  J.  B.  Harbord,  M.A. 

(London  and  Edinbimh,  W.  Blackwood  &  Sons.) 
Sold  by  J.  D.  Poticr,  Admiralty  Chart  Aflent,  London. 

5.  Outlines  of  Astronomy,  Sir  J.  F.  W.  HerschelL 


SUBJECT  XXL^NAUTiCAL  ASTRONOMY. 

FiBST  StAOIB  OB  Ef^BMBNTXRV  CounSB. 

De/miiion, — Circles  of  declination  or  hour  drdes.  Equinoctial  points. 
Ecliptic,  obliquity  of  ediptic,  signs  of  the  zodiac.  iWession  of  the 
eafunoxes,  circles  of  celestial  latitude.  Latitude  and  longitude  of  a 
celestial  body. 

Declination,  right  ascension,  right  ascension  of  the  meridian,  sensible 
and  rational  horizon.  Zenith,  nadir,  .vertical  or  azimuth  circles  or 
cvdes  of  altitude.  Altitude,  azimuth,  and  amplitude  of  a  heaveiUy 
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body.  Parallela  of  altitude.  Six  o'dock  hour  dide.  Prime  vertical. 
Colatitude. 

I^oof  that  the  altitude  of  the  elevated  pole  ia  equal  to  the  lafcitade  of 
the  observer.  Illustration  by  diagrams ;  projections  on  tiie  xnandisn  and 
horizon. 

Time.  Apparent  noon,  apparent  solar  day,  mean  solar  day,  mean 
noon,  equation  of  time.  Sidmal  dav.  To  convert  intervals  of  mean 
time  into  sidereal  time,  and  vice  versa.  Illustration  of  these  de&iitions 
by  diagrams.  Difference  between  dvil  and  astronomical  reckoning  of 
time.  To  convert  arc  into  time,  and  time  into  arc 

To  find  the  Greenwich  date,  the  time  at  any  other  place  and  longitude 
bdng  given.  To  take  out  the  right  ascension  of  the  mean  sun  for  a 
given  mean  Greenwidi  date. 

The  corrections  of  altitudes : —   

1.  Djp. — Proof  that  dip  in  minute8=:'9784\/ik»  h  bdng  reckoned 

in  feet. 

2.  JZ^ac^.— Why  necessary?  Show  generally  how  it  is  measiued. 

Refraction  :s67''  tan  Z.D  nearly. 

3.  Coxrectipn  for  seon-diameters. 

4.  Parallax, — Horiaontal  paraUaz  X  cos.  apparent  altitude  =  ptnlkx 

in  altitude. 

Sextant, — Description.  Aoyustments,  how  to  make  them.  Index  error, 
how  it  may  be  found. 

Chronometer. — ^Error  and  rate.   Reading  of  the  chronometer. 

Button  of  time, — How  it  is  to  be  applied  to  the  mean  time  to  obtam 
the  apparent  time,  and  conversdy. 

To  nnd  the  latitude  by  a  meridian  altitude  of  the  sun :  proof  d  iht 
rule  and  examples.  To  find  the  latitude  by  a  meridian  altitude  of  a  star. 

To  find  the  mean  time  at  any  place  and  also  the  Greenwich  mean 
time  of  the  passage  of  a  star  over  a  given  meridian  on  a  given  daj, 
and  the  distance  at  which  it  passes  north  or  south  of  the  senith.  To  find 
the  latitude  by  the  altitude,  (1)»  of  the  Sun;  (2),  Of  a  star  bdow  the 
pole.  To  find  the  latitude  by  the  aJtitude  of  the  pole  star.  To  find 
the  \'ariation  or  local  deviation  by  the  observed  asimuth  or  amplitude  of 
the  sun.  Proof  of  the  rules  for  fijiding  the  azimuth  and  amplitude. 
Applications  of  the  rules  to  find  the  variation  or  deviation. 

To  find  the  hour  angle  of  a  heavenly  body  east  or  west  of  the  meridian. 
To  compute  the  mean  or  apparent  time  at  any  place  from  the  obserred 
altitude  of  a  heavenly  body.  To  find  the  error  and  rate  of  the  chrono- 
meter. To  find  the  longitude  by  the  chronometer. 

SxcoND  Stage  or  Advancbd  Course. 

For  the  advanced  course,  in  addition  to  the  above»  the  candidate  will 
be  required : — 

To  find  the  latitude  by  the  moon ; — 

1.  To  find  the  mean  time,  and  Greenwich  date,  of  the  moon's  meridian 

passage  on  a  given  astronomical  day  in  a  given  altitude. 

2.  To  find  the  semidiameter  and  horizontal  palnllax  of  the  moon  for 

a  given  Greenwich  date  (mean  time)  fVom  the  Nautical  Almanac. 

3.  To  take  out  the  moon's  declination  from  the  Nautical  Almanac. 

4.  To  find  the  latitude  by  the  meridian  altitude  of  the  moon  above  and 

below  the  pole.  Examples. 
To  compute  the  reduction  of  the  horizontal  parallax. 
To  define  the  angle  of  the  vertical,  and  to  describe  the  method  of  com- 
puting  it. 

To  compute  the  au|[mentation  of  the  moon's  semi-diameter. 
To  prove  the  following  rules 

1.  Pot  the  reduction  of  the  altitude  of  any  celestial  bod^  obeerpd  at 
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one  place  to  what  it  would  have  been  if  observed  at  the  same  instant 
at  another  place. 

2.  For  finding  the  latitude  by  the  altitude  of  the  pole  star. 

3.  For  finding  the  latitude  by  altitudes  of  any  celestial  body  near  the 
meridian. 

4.  For  finding  the  hour  angle  of  a  celestial  body  from  the  observed 
altitude. 

5.  For  finding  the  rising  and  setting  of  celestial  bodies  and  twilight. 
The  eiTor  of  hour  angle  for  smiul  errors  in  observed  altitude^  when 
least 

7.  For  finding  the  latitude  and  lon^tude  by  means  of  two  altitudes. 

S.  For  computing  the  altitude  of  a  given  celestial  body  for  a  given  time. 

9.  The  metnod  of  clearing  a  lunar  distance  from^the  effects  of  parallax 
and  refraction. 

And  to  work  practical  examples  of  aU  these  rules. 

To  compute  tne  latitude  and  longitude  by  double  altitudes^l.  By 
Ivory's  method.   2.  By  the  direct  method. 

To  find  the  error  of  the  chronometer  by  e<)ual  altitudes  of  the  sim  or 
of  a  fixed  star.  To  compute  the  apnaient  altitude  from  tiie  true  altitude. 
To  compute  the  longitude  bv  an  ooserved  lunar  distance.  To  describe 
Summer's  noethod  for  finding  latitude  and  longitude.  Cyclones  and  tides. 

Examination  fob  Honours. 
In  addition  to  the  above : — 

Method  of  computing  the  moon's  right  ascension  from  an  oecultation 
4xf  a  fixed  star.  Longitude  by  eclipses  of  Jupiter's  satellites.  To  &id 
ihe  position  of  an  unknown  star  or  comet  by  its  distances  from  two 
known  stars.   Astronomical  problems. 

TxxT  Books. 

For  studying  this  subject  the  same  books  are  recommended  as  havo 
already  been  given  at  the  end  of  th^  9our9es  on  J^avi^ation, 


SUBJECT  XXII.-STEAM. 

First  Stage  or  Elbmxntary  Course. 

fn  the  first  paper  the  Questions  will  be  restricted  to  those  portions 
of  the  syllabus  comprised  under  the  heads  numbered  1,  2,  and  3^  or 
1^  %  and  4  respectively*  and  the  students  will  be  expected  to  possess  a  fair 
elecoentary  knowledge  of  the  subject. 

Second  Stage  or  Advanced  Course. 

In  the  second  or  advanced  paper  the  questions  will  bear  upon  those 
portions  of  the  syllabus  numbered  1,  2^  3,  and  5,  or  1^  2,  4,  and  5  re- 
spectively, and  a  more  exact  knowledge  of  details  will  be  expected. 

Examination  por  Honours. 

The  range  of  sulnects  will  be  the  same  as  in  the  advanced  course, 
but  the  questions  will  extend  over  that  portion  comprised  under  the  sixth 
head  of  the  syllabus. 

1.  Introductory  Matter, — ^The  expansion  of  bodies  by  heat,  the 
liquid  and  gaseous  states  of  matter,  the  co-efficient  of  expan- 
sion, energy  of  the  atomic  forces,  practical  illustrations  of  the, 
expansion  and  contraction  of  various  substances)^iti^e>yteii^^6^ic 
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tore  of  bodies,  instruments  for  meaauring  tempentnie,  the 
thermometer,  comparison  of  thermometers  when  differently 
graduated,  pyrometers;  the  capacity  of  bodies  for  heat,  the 
calorimetcjr ;  the  conversion  of  work  into  heat  and  of  heat  into  work, 
the  consumption  of  heat  in  li^uefiiction  and  vaporization;  the 
convection  of  heat,  the  method  m  which  a  krge  mass  of  witter 
may  become  heated ;  the  conduction  of  heat,  good  and  had  con- 
ductors, experimental  illustrations;  the  formation  of  vapour  and 
steam,  the  boiling  points  of  fresh  and  salt  water,  the  causes  whidi 
influence  the  boiling  temperature  of  water,  high-pressure  steam, 
measure  of  steam  pressure  oy  atmospheres,  steam  wnen  in  contactor 
not  in  contact  with  water,  the  relation  between  the  pressure,  density 
and  temperature  of  steam,  the  specific  gravity  of  steam,  the  latent 
heat  of  steam,  the  quantity  of  water  reouired  to  produce  oondenia- 
tion,  common  and  superheated  steam,  tne  analysis  of  sea  water. 
'  The  radiation  of  heat,  the  absorption  of  heat,  the  genetal 
relation  .between  radiation  and  absorption,  good  and  bad  rraators 
of  heat,  experimental  illustrations. 
The  oxiaation  of  metals,  the  effects  of  galvanic  action. 

2.  Steam  Engine,  —  Newcomen*s  atmospheric  pumping  engine,  its 

defects;  the  discoveries  of  Watt,  the  separate  condenser,  the 
expansive  working  of  steam,  its  economy,  its  value  in  reguJating 
the  power  of  an  engine. 

Details  connected  with  Watt's  single-acting  pumping  eng[uie; 
the  steam  cylinder,  the  valves  connected  with  it,  their  action, 
the  condenser,  the  air-pump,  the  foot  valve,  the  deliveiy  valve, 
the  snifting  valve,  the  hot  well,  the  piston  rod,  stuffing  boxes 
and  glands,  the  parallel  motion ;  ^e  method  of  starting  the  engine, 
and  of  regulating  its  speed,  the  cataract. 

The  double-acting  condensing  beam  engine,  the  principle  upon 
which  it  works ;  details  of  the  various  parts,  the  cylinoer,  how 
constructed,  the  ports  or  openings  into  the  cylinder,  the  fonns 
of  slide  valve  in  common  use,  the  locomotive  or  three-ported 
valve,  the  lap  on  a  valve,  the  eccentric,  the  lead  of  a  vidve, 
cushioning  the  steam,  clearance,  details  of  the  piston,  metallic 
packing-rmgs ;  the  expansion  valve,  and  the  gear  connected  with 
it ;  the  air-pump,  condenser,  the  supply  of  water  for  condensation, 
blowing  through,  gauges  for  the  condenser,  the  barometer  gauge, 
method  of  estimating  pressure  by  it,  errors  in  this  method,  and 
correction  of  the  same;  the  connecting  rod,  the  strap  gib  and 
cutter,  the  parallel  motion,  the  governor,  the  fly-wheel. 

The  principle  of  an  equilibrium  valve,  the  double  beat  valve, 
the  crown  valve,  the  throttle  valve,  the  gridiron  valve. 

The  high-pressure  engine  without  condensation,  the  expansive 
principle  as  applied  in  the  double  cylinder  condensing  engine. 

The  forms  of  boiler  in  common  use :  the  Cornish  boiler,  the 
cylindrical  boiler  with  internal  flues,  the  vertical  boiler,  healmg 
and  fire-grate  surfaces,  the  evaporative  power  of  boilers,  boiler 
chinmeys  ;  the  strength  of  boilers,  the  use  of  stays,  the  proving  ol 
boilers.  Boiler  appendages ;  safety  valves,  reverse  or  atmospheric 
valves,  communication  or  stop  valves,  the  glass  water  gauge,  steam 
pressure  gauge,  various  forms.  Bourdon's  gauge,  feed  pumps. 

3.  The  Locomotive  Supine.— The  general  construction  of  a  locomotive 

engine  and  boiler  before  the  invention  of  Stephenson,  the  Killing- 
worth  engine ;  description  of  the  Rocket  engine  by  R.  Stephenson 
as  the  f^e  of  the  modem  locomotive,  the  tubular  boiler*  "die  draught 
produced  by  the  discharge  of  waste  steam. 

The  arrangement  of  an  engine,  the  cylinders,  ihoir  pontioo, 
steamways,  ports,  slide  valve,  water  eodi^^zegiiAwOg^  the 
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piston  and  packing-rings,  piston-rod^  guides,  connecting  rod,  eccen- 
trics, the  reversing  or  link  motion,  reversing  lever,  sector,  expansive 
working,  crank  a:de  and  driving  wheels,  power  required  for  trac- 
tion, adhesion  of  the  driving  wheels,  counter  weights  to  cranks, 
wheels  and  axles,  axle-boxes,  bearing  springs,  buffer  and  draw 
springs,  friction  brakes. 

Details  of  the  boiler;  the  fire-box,  the  inner  and  outer  shell,  ribs 
on  the  crown  of  the  fire-box,  the  cylindrical  barrel,  the  tubes,  mode 
of  fixing  them,  through  tie  rods,  the  asbpit,  the  smoke  box,  the 
blast  pipe,  mechanical  action  of  the  blast,  the  steam  chest,  the 
outer  dome,  the  steam  pipe,  the  regulator,  safety  valves,  pressure 
gauges,  whistles,  blow-off  cocka,  feed  pumps,  Giffcurd's  mjector ; 
evaporative  power  of  the  boiler,  fire-grrate  ana  heating  surfeice,  com- 
bustion of  f^el ;  the  tender,  water-tuik,  brake,  feed  pipes. 

The  permanent  way;  varieties  of  nols  in  common  use,  timber 
sleepers,  transverse  and  longitudinal  systems  ;  jointing  of  rails,  the 
fish  joint ;  the  tyres  of  wheels,  their  form,  general  description  of 
switches  and  crossings. 

4.  7%e  Marine  Steam  Engine. — Side  lever  engine,  the  oscillating  engine 

for  paddle-wheel  steamers,  the  vertical  trunk  engine ;  the  Gorj^on 
engines,  the  object  of  this  arrangement ;  other  forms  of  engme. 
Engines  for  screw  propellors,  direct  acting  engines  with  or  without 
multiplying  gear,  Penn's  trunk  engine,  Maudslay  and  Field's  return 
connecting-rod  engine. 

Details  of  parts  connected  with  the  working  of  a  marine  engine ; 
the  air  pump  bucket  and  valves,  double-acting  air  pump.  India- 
rubber  disc  valves,  cylinder  escape  valves,  bilge  and  feed  pumps, 
expansion  valves,  expansion  cams  and  gear.  The  method  of 
reversing  an  engine  when  fitted  with  a  single  eccentric,  reversing 
by  a  double  eccentric,  the  link  motion.  Paddle  wheels,  feathering 
of  the  floats,  disconnexion  and  immersion  of  wheels.  The  screw 
propeller,  various  fomft,  length,  angle,  pitch,  and  area  of  screw 
olade,  disconnecting  and  raising  the  screw,  the  position  of  the  screw 
propeller  in  the  vessel,  the  slip  of  the  screw,  the  method  of  receiving 
the  thrust  upon  the  vessel,  sort  metal  bearings. 

The  marine  tubular  boiler,  how  constructed,  gun-boat  boilers, 
the  steam-chest,  fire-bridge  and  ashpit,  the  fiinnd  and  its  casing, 
waste-steam  pipe,  water  gauge,  gauge  cocks,  pressure  gauges,  safe^ 
valves,  reverse  vidves,  stop  ^ves,  reed  pumps,  boiler  hand-pumps, 
feed  or  donkey-engine,  Kington's  valves,  blow-out  cocks,  brine 
pumps  and  brine-valves,  the  methods  of  ascertaining  the  degree  of 
saltness  of  the  water  in  a  boiler,  amount  of  saltness  permissible, 
formation  of  scale,  superheating  apparatus,  surface  condensation. 

Practical  working ;  getting  up  the  steam,  filling  the  boilers,  laying 
the  fires,  attention  to  various  parts  of  the  engine  while  the  steam  is 
getting  up,  mode  of  starting,  working  the  engines  at  moorings. 
Priming ;  its  causes  and  reme<&es.  Duties  to  ma^nery  when  under 
steam,  boilers,  fires,  &c.  Ii\jection  pipes.  Kingston's  valves.  Leaks 
in  engines.  Bearings  of  engines.  Expansive  working.  Manage- 
ment of  fuel.  Damages  ana  repairs  to  boiler,  &c.,  after  accidents. 
Duties  to  engine,  &c.,  on  arriving  in  harbour. 

5.  Calculations, — ^Methods  of  measuring  the  efficiency  of  steam  engines. 

The  duty  of  an  engine.   The  horse  power.   Mercantile  or  nominal 
horse  power. 

The  indicator;  the  ends  it  fulfils,  description  of  the  instrument, 
the  atmospheric  hne.  Method  of  taking  a  diagram.  The  general 
configuration  of  diagram  to  be  expected  under  various  circum- 
stances. Examination  of  the  indicator-diagram  when  the  steam  is 
throttled;  when  expanuve  gear  alone  used,  and  i9ig<;]^^y^^o^(c 
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ascertain  the  horse-power  of  an  engine  by  means  of  the  indicator. 
The  indicator-diagram  in  a  high  pressure  or  locomotive  engine. 

The  principle  of  the  parallel  motion  of  a  beam  engine. 
6.  Calculations, — Investigation  of  the  work  done  by  the  en^Kiratioii 
of  water.  Estimation  of  the  work  done  in  one  stroke  of  the 
piston,  the  same  taking  clearance  into  account.  To  find  the 
horse  power  from  the  evaporation  in  the  boiler.  De  Pamboin's 
theory.  Velocity  of  maximum  useful  effect.  To  find  the  evapo- 
ration of  a  condensing  engine  of  given  dimensions  and  hone 
power,  the  piston  moving  wiw  a  given  velocity  with  and  witiiout  ex- 
pansion. To  find  the  pressure  in  the  cylinder,  knowing  the  effectiye 
evaporation.  To  find  the  diameter  of  a  cylinder  to  woric  at  a  certain 
speed,  knowing  the  evaporation.  To  find  the  evaporation  in  the 
boiler,  knowing  the  diameter  and  velocity  of  the  piston  and  the 
pressure  of  steam  in  the  cyhnder  with  and  without  expansion. 
The  same  for  locomotive,  Watf  s  engines,  &c. 

The  screw — ^to  find  its  area,  to  find  also  the  angle  of  the  helix  or 
thread  of  the  screw  propeller,  and  the  pitch.  The  power  exerted  by  a 
screw.  How  far  the  sUp  depends  on  the  form  and  dimensions  of 
the  screw.  Motion  of  the  paddle-wheels,  &c.  Consumption  of  fixeL 
Measure  of  the  locomotive  performance  of  marine  steam  engines. 
To  find  the  angle  the  crank  nas  moved  through  when  the  piston  is 
at  a  given  distance  from  the  top  of  the  stroke.  Amount  of  wofk 
developed  by  the  crank  in  a  hafr-revolution.  Length  of  the  radius- 
bar  in  a  side  lever  engine.  Work  done  in  the  up  and  down  stroke 
of  the  air  pump.  The  best  temperature  for  the  condenser  of  a  steam 
engine.   Quahties  of  fuel,  &c. 

Diagram  showing  the  relative  motions  of  the  slide  and  piston  st 
every  point  of  the  stroke. 

Dynamometer :  to  find  horse-power  of  engine  by  means  of  it 

Text  Books. 

The  text  books  specially  recommended  are — 

Treatise  on  the  Marine  Steam  Engine,  bv  T.  J.  Main  and  T.  Brown, 
8vo.,  12s.  6J.  (London,  Longman,  6th  ed.,  1865.) 

On  the  Indicator  and  Dynamometer,  by  T.  J.  Main  and  T.  Brown, 
8vo.,  4s.  6d.  (London,  Longman,  185/*) 

CatecJdsm  of  the  Steam  Engine,  by  J.  Bourne,  12mo.,  6s. 

(London,  Longman,  1868.) 
Manual  of  the  Steam  Engine,  by  the  Rev.  J.  A.  Galbraith. 

And  for  reference — 
Rttihoag  Locomotives,  by  D.  K.  Chirk,  2  vols.,  folio,  7Qs. 

(Edinburgh,  Blackie,  1856-60.) 
Treatise  on  the  Steam  Engine,  by  J.  Bourne,  4to.,  42s, 

(London,  Longman,  5th  ed.,  1861.) 
Examples  of  Modem  Steam,  Air,  and  Gas  Engines,  by  J.  Bourne,  Put 
I.,  4to.,  2s,  6d,  (London,  Longman,  1868.) 


SUBJECT  XXIII.->PHYSICAL  CEOCRAPHY. 

First  Stage  or  Elementary  Course. 

For  this  stage  or  course  it  will  be  expected  that  the  student  shsD 
understand  and  be  able  to  express  the  simple  facts  of  the  sdeoce  and 
explain  the  terms  in  common  use.  The  following  synopsis  will  be  foond 
to  wclude  the  various  branches  of  the  subject  required : — 
1.  The  form  and  motions  of  the  earth.  Its  division  into  land  and 
water.    Size  and  shape  of  continents.  Hl^^M^^^^ 
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and  the  names  by  which  they  are  known.  Hif^h  lands  or  plateaux* 
Hills.   Mountains  and  mountain  systems.  Valleys. 

2.  The  ocean  and  its  extent.   The  names  ^▼en  to  different  parts.  Its 

depth  where  known.  Its  saltness.  'rhe  movements  of  the  ocean. 
Marine  currents.  Waves. 

3.  Rivers  and  river  systems.  Lakes. 

4.  The  air,  its  nature,  extent,  and  principal  uses.   Permanent  winds* 

Periodical  winds.  Storms. 

5.  Dew.    Qouds  and  ram.   Snow  and  hail.   Nature  of  climate. 

6.  The  nature  of  earthquakes.   The  nature  of  a  volcano.  Earthquake 

bands  and  bands  of  volcanic  action.  The  simple  phenomena  o^  a 
volcanic  eruption. 

7.  The  mode  in  which  plants  and  animals  are  distributed  on  the  earth. 

The  mutual  relations  of  horizontal  and  vertical  distribution.  The 
meaning  of  representative  species  and  the  principal  ^ups  of  plants 
and  aninials  that  represent  others  in  different  contments  and  large 
islands. 

8.  The  different  races  of  men.   The  mode  in  which  they  are  now  dis- 

tributed on  the  earth. 
The  examination  questions  set  in  this  elementary  paper  will  not  in- 
Tolve  more  than  a  knowledge  of  such  facts  as  are  taught  in  the  ordinary 
teort  books. 

For  a  mere  pass  it  will  only  be  required  that  the  answers  should  be  so 
Ht  correct  and  definite  as  to  show  that  reasonable  care  has  been  taken 
in  expLuning  the  subject,  assuming  ordinary  intelligence  and  exertion 
on  the  part  of  a  young  pupil.  For  tk  first  class  in  this  stage  sound 
elementary  knowledge  and  clearness  of  definition  will  be  indispensable. 

Second  Stags  ob  Advanced  Coubse. 

The  more  advanced  students,  who  come  up  in  the  second  stage,, 
will  not  pass  without  exhibiting  something  more  than  mere  elementuy 
knowledge.  They  must  have  a  knowledge  of  principles  as  well  as  fiBbCts. 
They  will  be  expected  to  have  acquired — 

a.  So  much  elementary  astronomy  as  relates  to  the  position  of  the 

earth  in  the  solar  system,  its  magnitude  and  rotation,  and  the 
influence  of  the  sun,  moon,  and  other  bodies  distributed  through 
space  on  terrestrial  phenomena. 

b.  So  much  of  elementary  physics  and  inorganic  chemistry  as  includes 

the  nature  and  mode  of  action  of  the  physical  forces  and  the 
composition  of  rocks. 

c.  So  much  of  elementary  geology  and  mineralogy  as  includes  a  know- 

ledge of  the  nature  of  rocka^  their  superposition,  succession,  and 
disturbances. 

d.  So  much  of  palaeontology  as  includes  a  knowledge  of  the  distribu- 

tion of  life  m  time. 
The  bearing  of  these  departments  of  knowledge  on  physical  geography 
commonly  so  called  should  be  understood.   The  terms  used  in  them 
must  be  well  appreciated  and  briefly  defined  when  definitions  are 
asked. 

The  following  more  complete  synopsis  of  phyrical  geography  will  show 
the  nature  of  an  advanced  course  of  instruction. 

1.  Land.   Relation  of  continents  and  islands.   Protuberance  of  land 

and  preponderance  of  land  in  one  hemisphere.  Form  of  extremities 
of  land.  Grouping  of  islands.  The  geographical  axes  of  the  two 
continents.  Influence  of  the  form  of  a  coast  line.  Characteristic 
features  of  the  various  grcAt  masses  of  land. 

2.  Mountain  axes  and  mountiun  systems.   Details  of  the  gr^moun- 

tun  systems  of  the  world,  especially  with  regard  l^i^ 
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Relations  of  the  different  parts  of  the  great  monntain  sjstem  of 
Europe  and  Asia.  Isolated  mountains  and  mountun  sjatem  of 
Africa.  Mountain  system  of  America.  Culminating  points.  Knots 
in  mountain  chains. 

3.  High  plains  or  plateaux ;  their  nature  «nd  position.   Their  relations 

with  the  geographical  axes  and  to  ^eolooical  structure.  Ezam- 
pies  of  plateaux.  Plateaux  in  small  islands.  Sierras  or  mountain 
ridges  rising  from  plateaux.  The  drainage  of  plateaux  hj  deep 
nanow  valleys. 

4.  Low  plains ;  tneir  distribution  and  relation  to  high  plaina  and  moon* 
,    tains.   The  low  plains  of  the  principal  natural  divisions  of  the 

world.  The  steppes  of  Asia.  Deserts  of  Africa  and  Arabia.  Sa- 
vannahs and  prairies  of  North  America.  Silvas,  Llanos,  Ptenpas 
of  South  America.  The  characteristics  of  each.  VaUqra;  their 
.  varieties  and  peculiarities.  Difference  between  mountain  valleji 
and  the  vallejrs  of  plateaux. 

5.  Water ;  its  position  on  the  earth.   Natural  divisions  caused  by  the 

protuberance  of  parts  of  the  earth.  Oceans  and  inland  seas. 
Depth  of  the  ocean,  and  means  of  ascertaining  its  depth.  Natore 
of  the  ocean  floor.  Form  of  the  bottom  of  the  ocean.  SoHd  con- 
tents of  water.  Density  of  water  under  different  circumeianoes. 
Effect  of  cold  on  water.  Temperature  of  the  sea.    Colour  of  water. 

6.  Motion  of  water.   Waves.   The  tidal  wave.   Currents.  The  prin- 

cipal stream  currents.  Drift  currents.  Lregular  moivements  of 
water.  Sargasso  seas. 
.7.  Circulation  of  water  by  rivers.  Drainage  areas  and  river  banns. 
Nature  of  water  sheds.  Origin  of  riven.  Floods  and  flood 
moderators.  River  systems  of  the  world.  Rivers  draining  into 
the  ocean.  Rivers  draining  into  lakes.  Groups  of  lakes;  their 
extent  and  peculiarities.    Waterfalls  and  rapids. 

8.  Circulation  of  water  in  the  interior  of  the  eart]i.   Course  of  nin 

water  through  rock.  Issue  of  this  water  in  springs.  Tenopentnre 
of  springs.  Mineral  and  gaseous  contents  of  springs.  Quantity 
of  water  issuing  from  springs,  and  of  solid  matter  deposited  by 
them.   Variation  of  springs. 

9.  Conveyance  of  water  by  clouds,  and  its  deposit  as  rain.  Dtstribu- 

tion  of  rain.  Proportion  of  rainfall  that  runs  over  the  earth's 
surface.  Formation  of  snow.  Circumstances  under  whidi  it  is 
formed  and  deposited.  Snow  line ;  its  position  in  different  parts 
of  the  world.  Passage  of  snow  into  ice.  Glaciers;  their  andeot 
and  modem  history.  Glacial  action;  its  nature  and  results. 
Icebergs— how  and  where  formed;  theur  influence.  Hail;  its 
formation  and  effects. 

10.  Hie  atmosphere.   Composition  and  properties  of  air.    Its  uses  and 

effects  on  light.  Its  extent.  Its  colour.  Effect  of  heat  on  the 
atmosphere.  Waves  of  sound.  Nature  of  wind.  Permanent 
winds.  Periodical  winds.  Circulation  of  the  air  by  upper  cor> 
rents  from  the  equator  to  the  poles,  and  corresponding  return 
currents  from  the  poles  to  the  eouator.  Distribution  of  winds  in 
both  hemispheres.  Special  local  winds  and  their  cause.  Various 
kinds  of  storm  winds.  Nature  of  cyclonic  storms.  Phenomena 
connected  with  such  storms. 

1 1 .  Phenomena  of  weather  and  climate.    Causes  that  produce  or  modify 

dimate.  Lines  connecting  places  having  equal  annual,  equal  sum- 
mer, or  equal  winter  heat.  Value  of  such  lines  as  indicting  dimate. 
Conditions  that  afliect  weather  and  climate.  Cydes^?  weather 
and  climate.   Changes  of  dimate,  and  the  cause  of  such  changes. 

12.  Volcanic  phenomena.   General  action  of  volcanoes.   The  conditions 

^a  volcanic  eruption.  The  parts  of  the  world  that  oontei|[i  Tolcapoes. 
Number  of  volcanoes  in  the  diff^nt  groupi^iztb#Ci<»^S^«id 
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hitioiy  of  the  eraptionB.  ^  Inactive  or  extinct  volcanoes.  Fseudo- 
volcanoea  and  phenomena  connected  with  decayinp^  volcanic  activity. 
Geysers,  solfataras,  and  mud  volcanoes.  Volcanic  action  under  the 
sea.  Periods  and  qrcles  of  volcanic  disturbance.  Earthouakes. 
Zones  of  earthquake  disturbance.  Relation  of  earthquakes  to 
volcanoes.   Periodicitj  of  earthquakes. 

13.  Distribution  of  life  on  the  earth.   Persistence  of  life.    Origin  of 

species.  Modification  of  species.  Cirouping  of  plants.  Represen- 
tative and  typical  species.  Advance  of  certain,  forms  of  plant  life. 
Migration  and  migratory  powers  of  plants.  Floras  of  different 
countries.  Distribution  of  floras.  Faunas,  their  distribation. 
Groups  of  chancteristic  animals.  Migration  and  migratory  in- 
stincts. Limitation  of  these  instincts.  Distribution  of  plants  and 
animals  in  time.   Extinction  and  reolacement  of  species. 

14.  Distribution  of  man.   Date  of  introauction  of  the  human  family. 

Early  existence  of  certain  typical  groups.  Mode  in  which  these 
groups  differ  anatomically  among  each  other.  Mixed  races.  Mi- 
grating and  settled  races,  and  their  mutual  influence.  Natural 
and  artificial  limits  of  extension  of  the  various  races.  Influence  of 
man  on  external  nature. 

Sound  knowledge  of  the  main  fects  and  an  ac<}uuntance  with  the 
mode  of  action  of  natural  causes  to  produce  results  will  be  expected  from 
the  more  advanced  students. 

Examination  for  Honours. 

For  this  examination  it  will  be  expected  that  the  candidates  shall 
not  only  be  femiliar  with  the  ordinary  nets  and  inferences,  but  that  they 
should  be  able  to  give  a  tolerably  complete  outline  in  their  own 
language  of  groups  of  facts  and  their  mutual  bearinj^,  together  with 
expumations  of  natural  phenomena  on  which  the  principles  of  physical 
geography  depend. 

Sound  knowledge  acquired,  not  only  from  text  books,  but  from  a 
thoughtful  examination  of  the  views  of  various  authors  or  from  a 
penonid  study  of  the  facts  and  phenomena  will  be  expected  from  those 
who  seek  an  honour  certificate,  and  very  clear  and  definite  information 
on  the  subjects  attempted  will  be  indispensable. 


For  instruction  in  physical  geography  there  are  several  recognised 
text  books.  It  unfortiinately  happens  that  in  some  of  the  text  books  in 
use  in  science  schools,  important  nets  are  incorrectly  stated,  and  teachers 
employing  them  must  be  careful  to  make  the  requisite  alterations  in  their 
course  of  teaching. 

The  following  books  are  recommended : — 

(1.)  For  elementary  instruction  in  science  classes. 

Tke  World  we  Live  in,  or  First  Lessons  in  Physical  Oeoffrt^hy,  by 
Prof.  D.  T.  Ansted,  12mo.,  2s. 

(London*  Allen  &  Co.,  new  ed.,  1869.) 
OnlUnes  of  Physical  Geography^  by  £.  Hughes,  12mo.,  35.  6d. 

(London,  Longmans,  new  ed.»  1866.) 
Text  Book  qf  Physical  Geography,  by  Dr.  Page,  12mo.,  2^. 

(Edinburgh,  Blackwood,  1863.) 
Physical  Geography  for  Schools,  by  M.  F.  Maury,  12mo.,  2s,  6ef. 

(London,  Longmans,  1864.) 

(2.)  For  advanced  instruction : — 
Physical  Geography,  by  Prof.  D.  T.  Ansted,  small  8vo.,  with  maps,  Bs. 

(London,  Allen  &  Co.,  new  ed.*  Id/O.) 
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Physical  Geography,  by  Mrs.  SomerviUe,  new  edition,  revifled  by  H. 

W.  Bates,  Sec.  R.  Geo^.  Soc.  (London,  Mnmy,  1870.) 

Physical  Geoyraphy,  by  Sir  John  Herschel. 

7V70  nousand  Anamination  Questions  in  Physical  Geography,  by  Prof. 
D.  T.  AnBted,  12mo.,  2s.  (London,  Allen,  1870.) 

(3.)  For  general  reference 
Physical  Geography  of  the  Sea^  by  M.  F.  Maury,  8vo.,  5s. 

(London,  Sampson,  Low,  &  Co.,  12th  ed.,  1866.) 
Aatfi  and  Rivers,  by  Col.  George  Greenwood,  8vo. 

(London,  Longmans,  2nd  ed.,  1866.) 
Man  and  Nature,  by  George  P.  Marsh,  8vo. 

(London,  Sampson,  Low,  &  Co.,  1864.) 
Priehard^s  Natural  History  of  Man,  8vo.  (London,  Bailli^  1848.) 
Principles  of  Geology,  by  Sir  C.  Lycll,  2  vols.,  8iro.,  32s. 

(London,  Murray,  10th  ed.,  1868.) 
Physical  Geography  and  Geology  of  Great  Britain,  by  A.  C.  Ramsay, 
8vo.,  5s.  (London,      2nd  ed.,  1864.) 

Principles  of  Seismology,  by  R.  Mallet,  2  vols.,  8yo.,  63«. 

(London,  Chapman  &  Hall,  1862.) 
Cosmos,  by  A.  von  Humboldt,  translated  by  Mrs.  (now  Lady)  Sabine^ 
.  3  vols.,  12mo.  (London,  Longmans.) 

Aspects  qf  Nature,  by  A.  von  Humboldt,  translated  by  Mrs.  (now 
Lady)  Sabine,  2  vols.,  12mo.  (London,  Longmans.) 

Asie  Centrale.  Recherches  sur  les  chaines  des  montagnes  et  la  GUmaiO' 
logic  compar/e,  3  vobi.,  8vo.  (Paris,  1843.) 

Distribution  of  Heat  over  the  Surface  qf  the  Globe,  illustrated  by  Curves 
qf  Temperature,  by  H.  W.  Dove,  4to-  (London,  1853.) 

The  Law  of  Storms,  considered  in  connexion  with  the  ordinary  move" 
ments  of  the  Atmosphere,  by  H.  W.  Dove,  translated  by  R.  H.  Scott, 
8vo.  (London,  1863.) 

G^ographie  Botanique  raisonnie,  ou  exposition  des  fails  primdpauz  d 
des  iois  concemant  la  distribution  g^raphique  des  plantes  de  PAtoqM 
actuelle,  par  J.  de  Candolle,  2  vols.,  8vo.  (Paris,  I85o.) 

An  Account  of  the  great  Floods  of  August  1 829  in  the  Province  qf  Moray 
and  adjoining  Districts,  by  Sir  Thomas  Dick  Lauder,  Bart.,  8vo. 

(Edmbm^h,  Black.) 

An  Attempt  to  develops  the  Law  of  Storms,  by  Lieut-Colonel  W.  Reid, 
C.B.,  R.£.  (London,  Weale,  1838.) 

In  addition  to  the  above,  many  other  works  in  special  departments 
of  the  science  will  be  found  useful  to  the  advanced  student  and  to  the 
candidate  in  honours.  The  following  are  examples : — 

Physical  Geography  of  the  Sea,  by  M.  F.  Mauiy,  8vo.,  5s, 

(London,  Low,  12th  ed.,  1866.) 
Man  and  Nature,  by  G.  P.  Marsh,  8yo.,  lis.  (London,  Low,  1864.) 
Principles  of  Geology,  by  Sir  C.  Lyell,  2  vols.  8vo. 

(London,  Murray,  1866.) 
Principles  of  Seismology,  by  R.  Mallet,  2  vols.  8vo.,  63s. 

(London,  Chapman  and  Hall,  1862.) 

It  is  most  desirable  that  Physical  Geography  should  be  taught  and 
studied  with  good  physical  maps  at  hand.  For  the  elementary  course  is 
recommended— 

Small  Atlas,  by  Hughes. 

For  the  advanced  student 
Physical  School  Atlas,  by  Johnston. 
Larger  Physical  Atlas,  by  Johnston. 
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Tabi.es  showing  the  Nxtmbbb  of  Students  in  each  Science 
School  or  Class,  and  the  Subjects  taught. 
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Saeon<Mus  Clerks, --J.  B.  RundeU;  H.  W. 

'WWiams  :  B.  Belshaw  ;  G.  G.  MUlard;  A.  8. 
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W.  C.  Unwin,  B.Sc. 
IIL— Building  Construction.— Colonel  Wrsy, 

IIL  (AltemafciTe).— Naval  Architecture.— 
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XIT.— Geology.— A.  C.  Ramsay,  LL.D.,  P.R.S. 
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P.R.S.,  P.R.C^. ;  James  Feigusson,  F.R.S.  ' 
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South  KsirsnroTOV  Munux. 
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Museum  Superinlendentt.-R.  A.  Thomp^n; 

P. CunUITe  Owen:  Oapl.  B.  R.  Festimc.  ^ 
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Museum  Keeper  {Natioual  Art  X»6rary).~B. 
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AssUtant  Museum  Keepers.-'W,  Uatchwick. 
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aon ;  W.  E.  Streatfeild ;  F.  Colea ;  W.  G.  John- 
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Superintendent  of  the  Naval  Museum,— 0.  W. 
HerriAeld.F.B.8. 

Superintendent  for  SaJe  qf  Examples  and 
Publications,— J,  CondalL 

National  Abt  Tbainixo  School. 

JTead  Master.— Bichard  Burchett. 
Deputy  Head  Master.— R.  W.  Herman. 
Mechanical  and  ArchUectural  Drawing. — H. 

B.  Haffreen. 
Geometry  and  Perspective.— J^.  S.  Burchett. 
Paintinff^  Freehand  Dratcinff  ofOmament^  Ac, 

the  Figure  and  Anatomy,  and  Omatnentol 

Design.— n.  Burchett;  R.  W.  Herman;  W. 

Denby ;  B.  Collinson ;  C.  P.  Slooombe. 
ModeUtng.-Y.  M.  Miller. 
Lady  Superintendent  qf  Female  Students,— 

MiM  Trulock. 
Female  Teachers.— ^rs.  S.  E.  Caaabianca;  Mias 

Channon. 

Lecturer  on  Anatomy.— Marshall,  F.E.S., 
F.B.C.S. 

B,OTAL  ScirooL  Of  Natal  ARCirmtCTrxB 

AITD  M ARISE  BNGIXEBBIlfa. 

JnspectoT'Oeneral.—Kev.  J.  Woolloy,  LLJ). 
Prhicipal.-C.  W.  Mcrrifteld.  F.R.8. 
Vice- Principal  (acting).— J.  H.  (Jotterill.  M.A. 
Instructor  in  Naval  Dratcing.-W,  B.  Baak- 
comb. 

Instructor  in  Applied  Mathematics  and  Mecha- 

nies.-J.  H.  Cottcrill.  M.A. 
Instructor   in   Engineering    Drawing,  — S. 

Maxton. 

Instructor  in  Marine  Engimering.—W.  Caw- 

thome  Unwin.  B.8v\ 
Instruetor  in  Practical  Chemistry.— J,  David- 
tion. 

Instructor  in  French.—^,  Penon. 


BOTAL  SCHOOL  OF  MIKB& 
Direetor.Str  R,  L  Morcfaiaon,  Bart,  K.CJB., 
LL.D..F.IL8.  „  ^ 

Xe^^qf  Mineno  .Bacwrf«.-Bobert  Hunt, 

.^Ufiteaa/s.— Richard  Meade.  James  B.  Jordan. 
Registrar,  Curator,  andlAbrarian.—t,  Reeka. 
AssistenU  Librarian.— T.  Newton. 
Assistant  Curator.— V,  W.  Rudter. 

Pbofsmorb. 

Chemistry.— Bdward  Fiankland.  ¥hJi„  F.RJS. 
Natural  History.— t.  H.  HnxleT.  LL.D,  F.R^ 
Physies.-r.  Guthrie,  BJl.,  Ph.  D.     _  ^ 
Applied  Meehanics.-T.  M.  Goodeve,  MA. 
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Oeology,—h.  C.  Ramaay.  LL.D.,  F.RA  ,  , 
Mining  and  Mineralogy.— Vf.  W.  Smyth,  MJU 
F  R.8. 

Mechauicat  Drawing.— Ret.  J.  H.  Edgar,  MJL 
Muaeura  open  every  day  but  Friday,  except  from 
the  10th  of  August  to  the  10th  of  Septomber. 


GEOLOGICAL  SURVEY. 

Director'Oeneral.~Blr  R.  L  Murchiaon.  Bart.. 
K.G.B.,  LL.D..F.RS. 

Director  for  England  and  Wales,— A.  C.  Ram- 
say. LL.D.,  F.B.S. 

Director  for  Ireland.— B.  Hull,  P.R.8. 

Director  for  Scotland.— A.  Geikie,  P.B  S 

Naturalist.^T.  H.  Huxley.  LLJ)..  F.R.S. 
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EDINBURGH  MUSEUM  OF  SCIBNCB  AND 
ART. 

Direcfor.— Frofcaaor  T.  C.  Ardier.  F.RJUL 
Keeper  qf  Natural  History  Museum  (Tacant). 
CVira<or.— Alexander  Gallctly. 
Assistant  in  Natural  History  Museum.— 

Davies.  ,  _  ^ 

Assistant  in  Industrial  Museum.—J.  Paton. 
Clerks,-^.  Gibson ;  W.  CUrk. 


ROYAL  COLLEGE  OF  SCIENCE,  DUBLIN. 

Dean  of  FacuUy.—fiir  R.  Kane,  FJLS. 
Secretary.—?.  J.  Sidnesr,  LL.D. 
"  I.— A-Gagea. 


Curator  qf  M\ 
Clerk.— Q.  0,  Penny. 

PBOFK880BS. 

Physies,-Vr.  Barkflr.  M.D. 
Okemistry.'^'W*  K.  Sullivan,  PhJK 
Appli^  Chemistry.— K.  Galloway* 
GtoU^Qff.—^.  HulC  M.A.,  F.R.S. 
Applied  Mathematics.— Ralben  Ball,] 
Botany.— W.  T.  Thiselton  Dyer,  B.A. 
Zoology.— n.  H.  Tfamuir,  M.D. 
Jr7ricuUur»,—B,  YTJUvT^MM, 
HiM^tptim  Oeometrw  mi  JENlMrfiy*— Thomas 
F.Pigot. 

Mining  and  Mineralopy.—J.  P.  O'BeOly. 
Demonstrator  in  PaUtontotogy,—yr.  H.  Baily. 
F.L.8. 

Assistant  Chemist.-W.  Plunkett 

ROYAL  DUBUN  80CIBTT. 

President—Ria  ExcellexMQy  the  Lord  liea- 
tenant. 

Secretaries.— G.  W.  Maunaell,  A.M. ;  Lawrence 

"Waldron,  D.L. 
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INTRODUCTION. 


The  following  introduction  gives  a  general  outline 
of  the  action  of  the  Department,  and  has  been  pre- 
pared to  enable  those  who  wish  to  establish  a  Science 
School  or  Class  the  more  readily  to  understand  the 
detailed  rules  and  regulations  under  which  the  aid 
of  the  Department  is  administered. 


1.  In  order  to  place  a  Science  school  or  class  in  Local  com- 
connexion  with  the  Science  and  Art  Department,  an 
approved  committee,  consisting  of  at  least  five  well- 
known  and  responsible  persons  must  be  formed.  {See 
Science  Directory,  §§  X.  to  XVI.,  pp.  4  to  6.) 

2.  The  list  of  Science  subjects  towards  instruction  Sabjects  of 
in  which  aid  is  given  by  the  Department  will  be  »«w^™ctioD. 
found  at  p.  3. 

3.  The  aid  is  given  in  the  form  of — Public  exami-  Nature  of  aid: 
nations,  in  which  Queen's  Medals  and  Queen's  Prizes 

are  awarded,  held  at  all  places  complying  with  certain 
conditions ;  payments  on  results  as  tested  by  these 
examinations ;  scholarships  and  exhibitions ;  building 
grants ;  grants  towards  the  purchase  of  apparatus,  &c. 

4.  The  Examinations  are  held  about  the  month  Examinatioiis, 
of  May  under  the  superintendence  of  the  local  com-  ^ 
mittees.   The  examination  papers  are  prepared  by  the 
professional  examiners  in  London.    An  evening  is  set 

apart  for  one  or  more  subjects,  so  that  the  examina- 
tion in  each  subject  is  simultaneous  over  the  whole 
kingdom.    {See  Science  Directory,  §  XVIIL,  p.  7.) 

5«  A  packet  of  Examination  papers  is  sent  to  EsaminatioD 
each  local  secretary,  who  opens  it  in  the  presence  of  ^^^JiS^^ 
the  committee  and  candidates.    The  committee  is  worked, 
held  responsible  that  no  unfair  means  of  any  descrip- 
tion are  used  in  working  the  papers,  and  that  the 
rules  of  the  Department  are  strictly  complied  with. 
{See  Science  Directory,  §  XXII.,  p.  8,  and  Appen* 
dix  A.,  Science  Form  No.  91,  p.  42.)      □...^d  by  Google 
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6.  The  examinations  are  of  two  kinds,  but  held 
together  {See  Science  Directory,  §XV11I.,  p.  7),  viz. : 

a.  The  class  examinations,  of  which  there  are  two 

grades  or  stages ;  the  first  stage  or  elementary 
examination,  and  the  second  stage  or  ad- 
vanced examination.  The  successful  candi- 
dates in  both  stages  are  divided  into  1st  and 
2nd  class. 

b.  The  honours  examination  of  a  highly  advanced 

character.    In  this  there  are  also  two  classes. 

Any  person  however  taught  may  sit  at  any  one 
of  these  examinations.  {See  Science  Directory, 
§XXIX.,  p.  10.) 

7.  Four  medals,  one  gold,  one  silver,  and  two 
bronze,  are  given  in  each  subject  in  competition  in 
the  class  examinations  among  the  students.  {See 
Science  Directory,  §  XXXIL,  p.  11.) 

8.  Queen's  prizes  consisting  of  books  or  instru- 
xrients  are  also  given  to  all  candidates  successful  in 
obtaining  a  first  class  in  either  stage  of  the  class 
examinations.     {See  Science  Directory,  §  XXX., 

p.  1.1.) 

9.  Payments  are  made  either  to  the  Committees 
or  to  the  Teachers  on  the  results  of  the  May  exami- 
nation. 

10.  These  payments  are  made  only  on  account  of 
the  instruction  of  students  of  the  industrial  classes,  or 
on  account  of  the  instruction  of  their  children.  (For 
a  definition  of  the  Industrial  Classes  see  Science 
Directory,  §  XXXVI.,  p.  13.)  They  are— 2/.  for  a 
first  class,  and  1/.  for  a  second  class,  in  each  stance. 
{See  Science  Directory,  §§XXXVII.andXXXVIIL, 
p.  1 4.)  Special  payments  are  also  made  for  Chemistry 
{See  §§  XXXIX.  and  LXIIL),  and  in  certain  cases 
also  for  "  honours."  The  teacher  must  have  given 
each  student  25  lessons  at  least.  {See  Sdence 
Directory,  §  XXXV.,  p.  13.) 

11.  Any  person  may  qualify  himself  or  herself  to 
earn  payments  on  results,  by  obtaining  a  first  or 
second  class  in  the  advanced  giade  of  the  class  exa- 
mination, or  by  taking  honours.     Digitized  by  Google 
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Hob  examination  is  dispensed  with  when  the  can- 
didate has  taken  a  degree  at  one  of  the  Universities 
of  the  United  Kingdom.  (See  Science  Directory, 
§  XXXrV.,  p.  18.) 

12.  To  assist  in  the  instruction  of  deserving  Schoimhips. 
flftndents,  aid  is  given  in  the  creation  of  two  forms  of 
scholarship  in  connexion  with  elementary  schools. 

a.  In  the  Elementary  School  Scholarship  oL  are  Elementary 

granted  to  the  managers  of  any  elementary  tdioiM. 
school  for  the  support  of  a  deserving  pupil "  ^' 
selected  by  competition,  if  they  undertake  to 
support  mm  for  a  year  and  subscribe  51.  for 
that  purpose.  The  payment  of  5L  by  the 
Science  and  Art  Department  is  conditional 
on  the  scholar  passing  in  some  branch  of 
science  at  the  next  May  examination.  (See 
Science  Directory,  §§  XLVI.  and  XLVlII., 
pp.  18  and  19-) 

b.  In  the  Science  and  Art  Scholarship ,  which  is  of  Science  and 

a  more  advanced  character,  a  similar  contri-  ^Sj)!*^**^"' 
bution  of  5/.  is  required  on  the  part  of  the 
locality,  and  a  grant  of  10/.  is  made  by  the 
Department  towards  the  maintenance,  for  one 
year,  of  the  most  deserving  pupil  or  pupils  in 
elementary  schools  who  have  passed  certain 
examinations  in  science  and  in  drawing.  (See 
Science  Directory,  §§  XLVI.  and  XLIX., 
pn.  18  and  19.) 
In  botn  these  cases  the  scholar  must  be  from  12  to 
16  years  of  age,  and  one  scholarship  is  allowed  per 
100  pupils  in  the  school.    Thus  a  school  with  50 
pupils  may  have  one  scholarship,  a  school  with  150 
pupils  two  scholarships. 

13.  There  are  also  two  forms  of  Exhibitions.  Exhibitions. 
These  are : — 

a.  Local  Exhibitions  to  enable  students  to  com- J^<»i«^^»- 
plete  their  education  at  some  college  or  School 
where  scientific  instruction  of  an  advanced 
character  may  be  obtained.  Grants  of  25/. 
per  annum,  for  one,  two,  or  three  years  are 
made  for  this  purpose  when  the  locality  raises 
a  like  sum  by  voluntary  subscriptions,  ^^(^gl^ 
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if  the  student  attend  a  State  school,  such  as 
the  Royal  School  of  Mines  in  London,  the 
Royal  College  of  Chemistry  in  London,  or 
Royal  College  of  Science  in  Ireland,  the  fees 
are  remitted.  The  exhibition  must  be  awarded 
in  competition.  (See  Science  Directory, 
§§  XLVIL  and  LI.,  pp.  19  and  20.) 
Royal  exhibi.  J,  Roifal  ExhibiHms  of  the  value  of  50/.  per 
annum  tenable  for  three  years,  to  the  Royal 
School  of  Mines,  London,  and  the  Royal 
College  of  Science,  Dublin,  are  given  in  com- 
petition at  the  May  examinations.  Six  are 
awarded  each  year — three  to  each  institution. 
Free  admissions  are  also  given  to  all  G;old 
medallists.  (See  Science  Directory,  §§  LIL 
and  LIII.,  pp.  21  and  22.) 
Whitworth  14.  Besides  these,  the  Whitworth  Scholarships 
Scholarships,       ^j^^  ^^1^^      ^qqj        annum,  tenable  for  three 

years,  are  also  given  in  competition  at  the  May 
examinations.  {See  Science  Directory,  §  LIV., 
p.  23.) 

Bmiding  grant.  15.  A  grant  in  aid  of  a  new  building,  or  for  the 
adaptation  of  an  existing  building,  for  a  School  of 
Science  may  be  made  at  a  rate  not  exceeding  2^.  6d. 
per  square  foot  of  internal  area,  up  to  a  maximum 
of  500/.  for  any  one  school,  provided  that  certain 
conditions  are  complied  with  and  that  the  school  be 
built  under  the  Public  Libraries  and  Museums  Act, 
or  be  built  in  connexion  with  a  School  of  Art,  aided 
by  a  Department  building  grant.  (See  Science 
Directory,  §  LV.,  p.  23.) 

Apparatus  l6.  A  grant  towards  the  purchase  of  apparatus, 
diagrams,  &c.,  of  50  per  cent,  of  the  cost  of  them  is 
made  to  Science  Schools.    {See  Science  Directory, 

G^tforap.  §§  LVL  to  LXII.,  pp.  24  to  26.)    And  where  a 

Faborato^*  sckool  IS  fumished  with  a  laboratory j  properly  fitted 
upt  a  payment  oflLis  made  towards  the  expenses  of 
each  student  who  during  the  year  receives  25  lessons 
in  laboratory  practice.  {See  Science  Directory, 
§  LXIIL) 
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SCIENCE  DIRECTORY, 

Containing  the  Detailed  Rules  and  Regnlaticms  under  which  Aid 
to  Science  Schools  and  Classes  is  administered. 


Parliamentary 
vote. 


Heads  of 
the  Depart- 
ment. 


Otjectof  the 
grant. 


Grant  liable  to 
be  withdrawn. 


Payment  of 
Fees  by 
Students. 


I.  A  sum  of  money  is  voted  annually  by  Parlia- 
ment for  scientific  instruction  in  the  United  Kingdom, 
and  is  administered  by  the  Science  and  Art  Depart- 
ment. 

II.  The  head  of  the  Education  Department,  of 
which  the  Science  and  Art  Department  is  a  branch,  is 
the  Lord  President  of  the  Council,  assisted  by  a 
member  of  the  Privy  Council,  who  is  called  the  Vice- 
President  of  the  Committee  on  Education,  and  who 
acts  under  the  direction  of  the  Lord  President,  and 
for  him  in  his  absence.  (Order  in  Council,  25th 
February  1856,  Act  19  &  20  Vict.  c.  116.) 

III.  The  object  of  the  grant  is  to  promote  instruc- 
tion in  Science  especially  among  the  industrial  classes, 
by  affording  a  lunited  and  partial  aid  or  stimulus 
towards  the  founding  and  maintenance  of  Science 
schools  and  classes. 

IV.  The  amount  is  liable  to  be  decreased  and  even- 
tually withdrawn.  Payments  to  teachers  therefore 
must  not  be  looked  upon  as  perpetual,  or  in  any  way 
conferring  on  the  teacher  a  claim  to  any  payments 
beyond  those  offered  from  time  to  time. 

V.  The  payment  of  fees  by  the  students  can  be 
looked  upon  as  the  only  solid  and  sufficient  basis  on 
which  a  self-supporting  system  can  be  established 
and  supported.  Though  my  Lords  do  not  consider 
it  necessary  at  present  to  lay  down  any  rules  making 
the  payment  of  fees  an  absolute  condition  of  the 
grants  on  account  of  Science  instruction,  yet  as  the 
payments  from  the  State  must  be  expected  to  dimi- 
nish, and  as  aid  on  account  of  those  persons  who  do 
nothing  for  themselves  cannot  be  justified,  Com- 
mittees of  schools  and  classes  and  teachers  are 
strongly  urged  (should  it  at  present  n^^^^  prac- 
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tioe)  at  once  to  impose  as  high  a  scale  of  fees  as 
they  consider  caa  be  raised  not  only  on  middle  class 
students  but  also  on  artisans. 

VI.  The  following  are  the  Sciences  towards  in- ii»t  of  Science 
struetion  in  which  aid  is  given : —  mbjecte. 

Subject  1 ,  Practical  Plane  and  Solid  Geometry. 
„      2,  Machine  Construction  and  Drawing. 
3,  Building     Construction    or  Naval 
Architecture  and  Drawing. 

1'  r  Pure  Mathematics. 

6,  Theoretical  Mechanics. 

7i  Applied  Mechanics. 

8,  Acoustics,  Light,  and  Heat 
I,       9)  Magnetism  and  Electricity. 

10,  Inorganic  Chemistr3\ 
„     11,  Organic  Chemistry. 
„     12,  Geology. 
„     13,  Mineralogy. 
„     14,  Animal  Physiology. 
„     15,  Zoology.* 

„     16,  Vegetable  Anatomy  and  Physiology. 

„     17,  Systematic  and  Economic  Botany. 

„     18,  Principles  of  Mining. 

„     19,  Metallurgy. 

„     20,  Navigation. 

„     21,  Nautical  Astronomy. 
22,  Steam. 

„     23,  Physical  Geography. 

Note. — T/ie  nature  of  the  aid  given  towards 
instruction  in  Art  is  fully  explained  in  the 
Art  Di^ector3^  The  2nd  Orade  examination 
in  Art  is  held  at  the  same  time  as  in  the 
Sciences  above  named.    {See  §  XVIII.) 

VII.  The  assistance  granted  by  the  Science  and  Nature  of  as- 
Art  Department  is  in  the  form  of—  nstance. 

1.  Public  examinations,  in  which  Queen*s  Medals 
and  Queen's  Prizes  are  awarded,  held  at  all 
places  complying  with  certain  conditions. 

*  Ko  candidate  will  be  passed  in  Zoology  unless  at  tbe  same  or  at  a  preyions 
ezamiBBtion  be  bas  passed  ia  tbe  elementary  stage  of  Animal  Pbysiology. 
(Qee  Appendix  J?.,  p.  109.)  Digitized  by  Google 
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2.  Payments  on  results  to  Committees  or  teachers. 

3.  Scholarships  and  Exhibitions. 

4.  Building  Urants. 

5.  Grants  towards  the  purchase  of  apparatus,  &c. 

6.  Supplementary  grants  in  certain  subjects,  and 

special  aid  to  teachers  and  students. 

Note. — As  respects  all  grants  and  awards, 
the  Department  is  the  sole  judge,  and  cannot 
enter  into  correspondence  respecting  its  deci- 
sions. 

School  Pre-  VIII.  Suitable  premises,  both  for  the  class  in- 
struction  and  also  for  the  examination,  with  firing, 
lighting,  &c.,  must  be  found  and  maintained  at  the 
cost  of  the  locality  where  the  school  or  class  is  held. 
If  at  any  time  the  funds  do  not  cover  these  requisite 
local  expenses,  it  must  be  inferred  that  there  is  no 
such  demand  for  instruction  in  the  locality  as  the 
Government  is  justified  in  aiding ;  and  the  assistance 
of  the  Department  will  be  withdrawn. 

IX.  A  school  or  class  receiving  aid  from  the 
Science  and  Art  Department  must  be  at  all  times 
open  to  the  visit  and  mspection  of  its  ofiicers. 

Local  Committees. 
Constitation  of  X.  Every  Science  School  or  Class  must  be  under 
^^^Com-  ^Yxe  management  of  a  Local  Committee  M'ho  are 
required  to  be  responsible  for  the  safe  custody  of  all 
apparatus,  towards  the  purchase  of  which  the  Depart- 
ment has  granted  aid,  and  to  conduct  the  examina- 
tions according  to  the  rules.  {See  Appendix  A., 
Science  Form  No.  91,  P-  42.) 

The  relation  of  the  teacher  to  the  Committee 
of  a  school  or  class  will  vary  much  accorcUng  to 
the  circumstances  of  different  localities.  With  this 
and  other  local  arrangements  the  Science  and  Art 
Department  does  not  interfere,  but  leaves  them  to 
the  locality  to  settle. 

a.  The  Comraittce  must  consist  of  a  ChairmaD,  Secretarj, 
and  at  least  three  other  members,  and  must  be  compoaed 
entirely  of  well-known  responsible  persons  of  independesat 
position  who  have  no  such  personal  interest  in  the 
school  or  class  as  can  laj  them  open  to  the  slightest 
suspicion  of  partiality.    BelatftjjjpftdSfC^iq^rf  the 
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Teacher,  persons  wishing  to  he  examined,  or  who  are 
under  instruction  in  any  school  or  class  receiving  aid 
from  the  Science  and  Art  Department^  and  teachers  of 
anj  description  having  pupils  who  are  candidates  for 
the  exammations  of  the  Department,  are  not  eligihle  as 
members  of  the  Committee. 

Note. — gentleman  whose  son  or  daughter  attends 
any  examination  of  the  Science  and  Art  Department  is 
thereby  disqualified  from  superintending  any  of  the  exa- 
minations that  year,  thongh  he  may  act  on  the  Com* 
mittee  in  other  respects. 

b.  It  is  very  desirable  that  as  many  persons  as  possible  in 

recognised  positions  of  public  responsibility  in  the  dis- 
trict, such  as  magistrates,  municipal  authorities  (mayor, 
aldermen,  or  town  councillors),  heads  of  educational 
establishments  (trustees  of  grammar  schools,  managers 
of  National  schools),  clergymen,  &C.,  should  be  on  the 
Committee,  and  it  is  absolutely  necessary  that  at  least 
two  such  responsible  persons  should  agree  to  act 

c.  The  Chairman  must  be  a  magistrate,  mayor,  borough- 

reeve,  provost,  alderman,  or  other  public  officer  of  recog- 
nised position;  trustee  of  grammar  school,  dergymao 
of  the  Established  Church  in  parochial  employment,  or 
minister  of  religion  in  charge  of  a  licensed  •  place  of 
public  worship.  He  will  have  to  certify  that  the  con- 
stitution of  the  Cc»nmittee  is  in  accordance  with  the 
above  requirements.  {See  Appendix  A.,  Science  and 
Art  Form  No.  88,  p.  33.) 

d.  The  Secretary  of  the  Committee  of  the  School  or  Class, 

as  being  the  medium  of  communication,  will  carry 
on  all  correspondence  with  the  Science  and  Art  De- 
partment, and  will  be  held  responsible  for  making  out 
Hiid  sending  all  returns  required,  for  the  receipt  and 
distribution  of  the  examination  papers,  the  transmission 
of  the  worked  papers,  &c.,  at  the  proper  times  accord- 
ing to  the  regulations. 

XI.  The  gentlemen  who  intend  to  act  on  this  Formation  of 
Committee  must  sign  their  names  to  a  form  {write  ^SJ^.^^"" 
Jbr  Science  Forms  Nos.  88  and  120),  stating  their 
^willingness  to  carry  out  the  necessary  arrangements 
for  examinations,  and  to  observe  all  the  regulations 
of  the  Department ;  each  member  after  signing  must 
also  give  his  address  and  occupation.  Care  must 
be  taken  that  the  members  who  sign  are  properly 
acquainted  with  the  duties  they  propose  to  discharge. 

When  a  school  or  class  is  first  formed,  the  Form  No.  88  must 
be  signed  at  a  general  meeting  of  the  Committee.  K  the 
same  Committee  continue  to  act  it  will  only  be  necessary 
in  October  to  fill  up  Form  No.  168,  wliich  expresses  the 
willingness  of  the  members  to  undertake  tlji^eir  ^^t^^i^Qle 
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another  year ;  but  no  one  can  be  a  member  of  a  Com- 
mittee nor  assist  in  the  condnct  of  an  examination  who  has 
not  signed  Form  No.  88. 

Approyai  of,  XII.  As  soon  08  a  school  OF  class  has  been  esta- 
me^f  blished  and  the  Committee  formed,  application  must 
be  made  that  it  may  be  approved  by  the  Department 
(send  up  Science  Forms  Nos.  88  and  120).  No 
payments  on  account  of  instruction  will  be  made 
unless  this  approval  has  been  obtained  before  the 
31st  January  preceding  the  examination. 

N.B. — The  school  and  class  registers  (see  §  XLIL,  p.  17] 
will  not  be  sent  until  these  forms,  properly  filled  op,  have 
been  received  from  the  school  applying  for  them. 

Committee  for  XIII.  A  Committee  may  be  formed  for  conducting 
examination  only  of  a  class  or  school  which  does 

only.  not  receive  aid  from  the  Department  in  the  fomi  of 

payments  on  results.  It  must  be  approved  before 
the  31st  March  (write  for  Science  Form  No.  88a). 

ReimbniMment    XIV.  For  the  clcrical  labouT  of  making  the  neces- 
of  Committee.         rctums,  filling  up  forms,  &c.,  a  grant  is  made 
to  the  Committee  of  1/.    This  is  paid  afler  the  con- 
elusion  of  the  examinations. 

When  more  than  two  examinations  are  held,  the 
sum  of  10^.  will  be  allowed  to  the  Committee— or 
in  the  case  of  an  amalgamation  (see  §  XXVI.,  p.  9)j 
to  the  amalgamated  Committee — for  each  further 
examination  for  the  expenses  connected  with  it. 

These  grants  mil  only  be  made  provided  the  examinatioDS 
are  regularlj  conducted,  and  the  returns  and  forms  sent 
up  in  due  course,  as  given  on  the  Science  Form  No.  170. 
(See  Appendix  A.,  p,  32.) 

Inspection.  XV.  As  oftcn  as  may  be  necessary  an  Inspector  of 
the  Department  will  visit  the  school  or  class,  and 
report  on  the  condition  of  the  premises,  the  constitu- 
tion of  the  Committee,  and  the  manner  in  whidi  the 
regulations  are  carried  out. 

If  due  notice  of  the  yisit  of  the  Inspector  has  been  giveo, 
a  meeting  of  the  Committee  must  be  held  to  receiTe  him* 
at  which  as  many  of  the  members  as  possible  are  expected 
to  attend.  QSee  Science  Form  No.  170,  ApptnSx  Am 
p.  32.) 

M«n<^dafor    XVI.  At  page  32  in  the  Appendix  A.  will  be  found 
^'     a  table  of  memoranda  for  the  use  of  Se<35etftiiks  and 
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Members  of  Science  Committees  (tvrite  jbr  Science 
Form  No.  170)  which  it  is  expected  will  be  carefully 
attended  to. 

Examinations. 

XVII.  The  Science  and  Art  Department  holds  an-  Bxamination 
nually  about  May,  through  the  agency  of  the  Local  ^^^^^^ 
Committees,  public  examinations  in  all  the  before- 
mentioned  Sciences — and  in  Art  2nd  grade — in  any 
place  in  the  United  Kingdom  which  complies  with 
the  requisite  conditions.  {See  §§  X.  to  XIII.,  pp.  5 
and  6.)  On  the  results  of  this  examination  payments 
are  made  for  the  instruction  of  the  students,  and 
medals  and  prizes  are  awarded. 

For  Navigation  Classes  special  examinations  are 
also  held  three  times  a  year.   {See  §  LXIV.,  p.  26.) 

XYIII.  The  examinations  are  of  two  kinds,  but 
are  held  on  the  same  evening  and  conducted  by  the 
same  Committee: — 

a.  The  class  examinations  for  students  under 

instruction  in  Science  Classes  whether  taught 
by  teachers  qualified  to  earn  payments  on 
results  or  not. 

b.  The  honours  examination,  of  a  highly  advanced 

character. 

The  2nd  grade  Art  examination  in  Freehand  Drawing, 
Model  Drawing,  Practical  Geometry  and  Perspec- 
tive, is  held  at  the  same  time  of  the  year  as  the  Science 
examinations.  That  in  Freehand  Drawing  and  Model 
Drawing  is  held  on  a  separate  evening,  but  that  in 
Geometry  and  Perspective  on  the  same  evenings  as  the 
exammoHon  in  Science  Subject  L,  Practical,  Plane,  and 
SoUd  Geometry  (see  §  YI.,  p.  3,  and  Art  Directory,  p.  23, 
footnote  f ). 

XIX.  The  esaminaiions  in  the  subjects  and 
stages  bracketed  together  are  held  on  the  same  even- 
ing ;  candidates  can  therefore  be  examined  in  one 
only  of  these  subjects  or  stages  in  any  one  year. 

II.  Machine  Drawing. 
III.  Building  Construction.  > 
XV.  Zoology. 

XII.  Geology.  \ 

XX  Navigation,  j  Digitized  by  Google 


EXAMIKATIOKS. 


XIII.  Mineralogy  .  1 

/•J 


XXI.  Nautical  Astronomy. 

XL  Organic  Chemistry. \ 
XXII.  Steamf.  J 

XVL  Vegetable  Anatomy  and  Physiology.\ 
XIX.  Metallurgy.  j 

XV III.  Principles  of  Mining. 
IV.  and  V.  Mathematics. 


^Mining.  "] 
/  Stage  6.  > 
\Stage7.] 


IV.  and  V.  Mathematics.^ 


Stage  1. 
Stage  2. 
^  Stage  3. 


IV  and  V.  Mathematics.  5 

ciaanfication  XX.  For  the  purpose  of  the  class  examinations  each 
ezi^uitiom.  subject  is  divided  into  two  stages — ^the  elementary 
and  the  advanced  stage ;  except  Mathematics,  which 
is  divided  into  seven  stages  (see  Syllabus,  p.  51). 
There  is  a  different  examination  paper  for  each  stage, 
and  in  each  stage  there  are  two  grades  of  success — 
first  and  second  class.  For  the  second  or  lowest  class 
of  the  elementary  stage,  the  standard  of  attainment 
required  is  only  such  as  will  justify  the  Examiner 
in  reporting  tnat  the  instruction  has  been  sound, 
.  and  that  the  students  have  benefited  by  it ;  but  the 
standard  may  be  raised  from  year  to  year, 

Hononn  XXI.  There  is  an  honours  paper  in  each  subject, 

except  Mathematics,  which  for  this  purpose  may  he 
considered  as  divided  into  three  subjects,  an  honours 
paper  being  set  on  each  evening  for  the  whole  of  the 
stages  comprised  in  that  evening's  examination. 
Application  for  XXII.  An  application,  stating  in  what  subjects 
Examination,  examination  will  be  required,  must  be  made  on 
Science  Form  No.  329,  and  sent  in  before  the  28th  of 
February^  A  second  form  (Science  Form  No.  119) 
must  be  sent  in  before  the  31st  of  March,  giving  the 
precise  number  of  candidates  to  be  examined  in  each 
subject. 

On  the  31st  of  March  the  examination  liats  must 
be  finally  closed,  and  unless  thf |feejl^@®d^tes  have 
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been  strictltf  adhered  to  no  examination  can  be 


held. 


The  rules  for  the  conduct  of  the  examinations  will  be  found 
on  Science  Form  No.  91  {see  Appendix  A.,  p.  42).  They 
must  be  carried  out  with  the  utmost  strictness. 

XXIII.  Should  there  be  at  any  time  reason  to  sus-  Re^eiMii. 
pect  the  fairness  of  the  examination  generally,  or  of 

the  way  in  which  particular  candidates  have  worked 
their  papers,  a  further  examination  will  take  place 
in  such  manner  as  may  be  deemed  most  advisable. 
Refusal  on  the  part  of  any  candidate  to  be  re-examined 
¥rill  entail  the  cancelling  of  his  previous  examination. 

XXIV.  All  possible  care  will  be  taken  by  the  ^^^^'^^^fJJ* 
Department  at  the  time  of  the  examinations  that  J^JST  * 
papers  shall  be  forwarded  in  accordance  with  the 
applications,  and  that  the  results  may  be  correctly 
issued.    As,  however,  a  very  large  number  of  classes 


The  Department  cannot  undertake  to  rectify  such 
mistakes,  nor  will  it  hold  itself  responsible  for  any 
loss  which  may  in  consequence  accrue  to  individual 
committees,  teachers,  or  students. 

XXV.  If  no  candidate  comes  forward  for  exami-  Retamof 
nation  in  one  of  the  subjects  for  which  examination  Su^Jtion 
papers  have  been  sent,  the  envelope  containing  these  papew. 
papers  must  be  returned  unopened  by  the  next  post. 

Also,  if  two  sets  of  examination  papers  in  the  same 
subject  have  been  sent,  one  set  must  be  returned  un- 
opened.   This  rule  must  be  carefully  attended  to. 

XXVI.  If  two  or  more  classes  in  the  same  town,  or  Amaigammion 
within  a  reasonable  distance  of  one  another,  apply  for  coSSSSe^^ 
the  examination  of  the  Science  and  Art  Department, 

a  general  examination  committee  must  be  formed  by 
the  amalgamation  of  the  several  Committees  to  carry 
out  the  examinations  at  some  common  centre,  such 
as  the  town  hall  or  other  public  building.  It  is  only 
when  the  Inspector  reports  that  the  local  circum- 
stances are  of  such  a  character  as  to  render  an 
amalgamation  of  the  Committees  impracticable  that 
it  will  not  be  insisted  on. 
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When  there  are  not  more  than  three  candidates  in  one  plaoe, 
it  will  be  at  the  discretion  of  the  Department  to  allow  a 
separate  examination,  or  to  require  the  candidates  to  go 
to  a  neighbouring  centre. 


Local  XXVII.  In  large  towns  or  populous  districts  where 
^'  there  are  three  or  more  schools,  and  where  numerous 
examinations  are  to  be  held,  the  Science  and  Art 
Department  may  at  its  discretion  require  a  Special 
Local  Secretary  to  be  appointed  to  manage  the 
whole  of  the  examination  business.  The  Department 
will  correspond  with  him  alone  on  all  subjects  con- 
nected with  the  examination.  He  will  be  allowed  a 
fee  of  ten  guineas,  and  an  extra  fee  of  half  a  guinea 
for  each  night  that  an  examination  is  held. 


The  rule  requiring  an  amalgamated  examination  to  be  held 
in  some  one  public  building  {see  §  XX VL)  will  be 
adhered  to  also  in  this  case.  Even  where  no  stifficiently 
large  public  building  can  be  obtained,  or  where  there  jdaj 
be  other  insuperable  difficnlties  to  holding  the  examixia- 
tions  at  one  centre,  the  one  Special  Local  Secretary  must 
still  be  the  one  medium  of  communication  with  tiie  De- 

.  partment,  and  will  be  responsible  for  all  ammgemeniB 
subject  to  the  approval  of  the  Science  and  Art  Depart^ 


XXVIII.  When  the  Department  has  directed  the 


Secretary.      appointment  of  a  Special  Local  Secretary,  his  election 


will  rest  with  the  Local  Committees ;  or  failing  thdr 
coming  to  an  agreement  he  will  be  nominated  bj  the 
Mayor  or  other  principal  municipal  authority. 

The  Special  Local  Secretary  must  be  nominated 
for  the  approval  of  the  Science  and  Art  Department 
from  year  to  year,  before  the  15th  of  March. 


^^^^^  XXIX.  Besides  the  registered  students  of  a  class, 
St^ento.       ftiiy  other  person  may  present  himself  for  examina- 


tion before  the  Local  Committee  whenever  an  exami- 
nation is  being  held  for  the  class.  Before  the  26th 
of  March  he  must  apply  to  a  Local  Secretary,  who 
will  forward  his  name  to  the  Department  on  Science 
Form  No.  119,  and  if  required  by  the  Local  Com- 
mittee he  will  have  to  pay  a  registration  fee  of  not 
more  than  2^.  6d.  Arrangements  must  therefore  be 
made  by  the  Local  Committee,  or  the  General  Exa- 


ment. 
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mination  Committee,  as  the  case  may  be,  to  give 
accommodation  at  the  examination  to  ail  outside  can- 
didates who  have  given  the  proper  notice,  as  well  as 
to  the  students  in  the  class  for  which  the  Committee 
act,  to  sit  at  the  examination. 

The  registration  fee  of  2s,  6d.,  which  such  candidates  may 
be  required  to  pay,  is  to  reimburse  the  Committee  for  any 
extra  expenses  incurred  by  such  attendance,  and  may  at 
their  option  be  reduced  or  remitted. 

XXX.  To  all  successful  students  are  given  Queen's  Friiet. 
printed  lists  of  results  showing  their  position;  to 

the  first  class  in  each  stage  are  given  Queen's  prizes, 
consisting  of  books  or  instruments  chosen  by  the 
candidates  from  lists  furnished  for  that  purpose. 
{Apply  for  Science  Form  No.  110.) 

No  Queen's  prize  or  medal  will  be  given  to  a  student  in  the 
advanced  stage  unless  he  have  previously  passed  in  the 
elementary  stage,  or  been  successful  under  the  old  system. 

XXXI.  The  prizes  are  unlimited  in  number,  and  Candidates 
are  open  to  all  candidates  who  come  within  either  of  ^Seaf 
the  following  categories : — 

(1)  Students  in  Science  Classes  under  Teachers 
qualified  to  earn  payment. 

(2)  Registered   Students  in   Artisan  Classes 
taught  by  other  Teachers. 

The  following  are  not  eligible  for  prizes : — 

a.  Students  who  have  previously  received  the  same,  or 

a  higher  class,  in  the  same  subject ;  and 
h.  Teachers  earning  or  who  have  earned  payments  on 

the  results  of  instruction.  Also 
c.  Persons  who  are  or  have  been  students  of  the  Queen's 
Colleges  in  Ireland,  the  Royal  School  of  Mines, 
London,  the  Royal  College  of  Science,  Dublin,  the 
Royal  Dockyard  Schools,  and  other  institutions 
receiving  State  aid  for  instruction.  They  may, 
however,  compete  for  the  Whitworth  and  other 
Exhibitions  and  Scholarships  of  the  Department, 
but  they  cannot  take  Queen's  prizes  and  medals, 
except  in  those  subjects  which  are  not  taught  as 
a  portion  of  the  regular  course  in  the  Institutions 
to  which  they  belong. 

XXXII.  Four  medals,  one  gold,  one  silver,  and 
two  bronze,  are  given  in  the  class  examination  in  each 
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subject  for  competition  among  the  honk  fide  students 
of  Science  Classes  who  either  come  within  the  cate- 
gory of  persons  on  account  of  whom  payments  can  be 
earned,  or  are  under  17  years  of  age. 

Only  registered  students  of  schools  and  classes  under  Local 
Committees  {see  §  p.  4)  can  take  medals :  middle 
class  students,  persons  engaged  in  teaching,  ns  well  as 
teachers  in  training,  who  are  more  than  17  years  of  sge, 
even  if  qualified  as  above,  are  ineligible  for  them.  Should 
a  student  take  more  than  one  gold,  silver,  or  bronze  medal, 
he  will  receive  books  instead. 

When  the  best  candidates  for  Queen^s  medals  are  nearly 
equals  five  or  six  of  them,  as  may  be  found  desirable, 
may  be  summoned  to  London  for  further  examination  in 
order  to  decide  to  whom  the  different  medals  shall  he 
awarded.  Their  travelling  expenses,  second  class  railway 
fare,  and  10*.  a  day  while  required  to  be  absent  from 
home,  will  be  allowed. 

Payments  on  Results  and  Qualification  of 
Teacher, 

Qualification       XXXIII.  Payments  are  made  on  the  results  of  in- 
^ymratton    struction  when  it  has  been  given  by  teachers  who 
resaits.        have  qualified  in  either  of  the  categories  mentioned 
below :  And  no  payments  are  made  on  account  of 
instruction  given  in  subjects  in  which  the  teacher  is 
not  so  qualified. 

The  qualification  consists  in  having — 

a.  obtained  a  teachers  certificate  in  any  of  the 
before-mentioned  sciences  according  to  the  rules  in 
force  previous  to  January  1867;  or, 

h.  obtained  a  First  or  Second  Class  in  the  ad- 
vanced stage  at  the  May  class  examinations  since 
that  date ;  or, 

c.  taken  honours  at  the  May  examinations. 

In  Mathematics  a  First  Class  in  each  stage  will 
qualify  the  holder  to  earn  payments  on  the  results  of 
instruction  in  that  stage,  or  in  the  preceding  stages, 
and  Honours  in  stages  3,  5,  and  7,  on  the  results  of 
instruction  in  the  preceding  stages. 

Teachers  already  qualified  to  earn  paTments  ia  ^Elementary 
Mathematics"  (1869)  are  qualified  in  stages  1,  2,  and  3, 
and  teachers  already  qualiBed  in  "Higher  MathemaUes 
(1869)  are  qualified  in  all  the  stages  of  Pure  Mathematics. 
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Payments  are  made  at  the  discretion  of  the  Depart-  ^^^JJf'^J^ 
ment  either  directly  to  teachers  or  to  the  Committee 
or  managers  of  the  school. 

XXXIV.  The  examination  for  qualification  to  earn  Hononury  and 
payments  on  the  results  of  instruction  will  be  dis-  cS^S^to^ 
pensed  with  in  the  case  of  a  candidate  who  has  taken 

a  degree  at  any  University  of  the  United  Kingdom, 
or  who  has  obtained  the  Associateship  of  the  Royal 
School  of  Mines,  London,  or  the  Royal  College  of 
Science,  Ireland. 

Before  such  a  candidate  commences  to  teacb,  in  order  to  earn 
payments  on  results,  he  must  make  formal  application  to  the 
Department  to  be  recognised  as  a  Science  teacher,  and  he 
must  furnish  full  particulars  of  his  occupation  and  posi- 
tion accompanied  by  his  diploma  or  a  certificate  ftt)m  the 
registrar  of  his  University. 

Teachers  who  pi^viouslj  to  the  28th  January  1869  have 
obtained  Art  certificates  of  the  third  grade  are  also  qualified 
without  further  examination  to  earn  payments  on  the 
results  of  their  instruction  in  subjects  I.,  II.,  and  III.,  under 
the  same  rules  and  on  the  same  conditions  precisely  as 
Science  teachers.  It  must  be  clearly  understood  that  to 
claim  these  payments  the  rules  of  the  Science  Directory 
must  be  adhered  to. 

XXXV.  Payments  are  only  made  on  condition  ConditioM. 
that  the  student  has  received  25  lessons  at  least 

from  the  teacher  or  teachers  in  each  subject  in  which 

})ayment  is  claimed  since  his  last  examination — each 
esson  being  an  attendance  at  a  meeting  of  the  school 
of  at  least  three-quarters  of  an  hour's  duration  on  a 
separate  day.  The  25  lessons  need  not  necessarily 
be  all  given  in  one  year,  but  may  extend  over  a 
longer  period. 

It  must  be  clearly  understood  that  the  number  (25)  of  lessons 
which  the  teacher  is  required  to  give  is  the  minimom 
fixed  as  a  criterion  that  the  pupil  has  received  hia  in- 
struction from  the  teacher.  It  is  not  meant  in  any  way 
to  specify  that  that  amount  of  instruction  is  sufficient, 
or  io  guarantee  the  teacher's  receiving  payment,  if  that 
amount  of  instruction  alone  is  given. 

XXXVI.  Payments  are  made  to  the  qualified  ^STfo? 
teacher  on  account  of  the  instruction  of  students  instraetion  of 
of  ilie  Industrial  Classes  only.  a^^*^ 
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Payments 
dUuniEble  on 
the  xesolts  of 
tiie  Class  Exa- 
nunationB. 


Under  <^  Studentd  of  the  Industrial  Classes"  are  included:^ 
a.  Artisans  or  operativ^es  in  the  receipt  of  weekly 
wages. 

5.  Coastguards,  policemen,  and  others  who,  though  in 

receipt  of  weekly  wages,  do  not  support  ihemselres 
by  manual  labour, 

c.  Teachers  of  elementary  schools  in  connexion  iciik 

the  Education  Department^  Whitehall^  or  the 
National  Board  oj  Education,  Ireland,  {See 
Exception  in  §  XXXVII.) 

d.  Persons  in  the  receipt  of  salaries  not  large  enougk 

to  render  them  liable  to  the  income  tax,  as  some 
descriptions  of  clerks,  shopmen,  &c. 

6.  Small  shopkeepers  employing  no  one  but  members 

of  their  own  family  and  not  assessed  to  the  income 
tax. 

/.  Tradesmen  and  manufacturers  on  their  own  account, 
supporting  themselves  by  their  own  manual  labour, 
not  employing  apprentices,  journeymen,  &c.,and 
not  assessed  to  the  income  tax. 
The  children  (not  gaining  their  own  livelihood)  of 
all  such  persons  above  mentioned. 
And  no  payments  are  made  on  account  of  any  other  students. 

XXXVII.  No  payments  on  the  results  of  instruc- 
tion in  those  branches  of  Science  which  are  taught 
in  Institutions  receiving  State  Grants,  such  as  the 
Queen's  Colleges  in  Ireland,  the  Royal  School  of 
Mines,  London,  the  Royal  College  of  Science,  Dub- 
lin, and  the  Royal  Dockyard  Schools,  will  be  made 
on  account  of  the  pupils  who  are  or  have  been 
students  of  those  institutions. 

No  payments  are  made  on  account  of  students 
passing  in  *  Stage  I  of  Mathematics  or  in  the  elemn* 
tary  sfxzge  of  Subject  XXIII.^  Physical  Oeography, 
who  are, — 

a.  Students  in  Training  Colleges  receiving  State 
aid. 

6.  Teachers  trained  at  the  public  expense. 

XXXVIII.  The  payments  claimable  for  each 
student  who  has  passed  in  either  stage,  in  each  sub- 
ject are — 2/.  for  a  first  class,  and  !/•  for  a  second 
class.  Also  10^.  for  each  second  grade  Art  paper 
satisfactorily  worked. 

♦  So  far  as  Mathematics  are  concerned,  this  restriction  does  not 
apply  to  females. 
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No  payments  are  made  on  account  of  a  student 
who  has  been  previously  successful  in  a  higher  stage 
of  the  same  subject.  If  the  student  has  been  pre- 
viously successftil  in  the  same  stage  of  the  same 
subject,  the  payment  on  his  account  is  reduced  by 
the  payment  which  was  claimable  on  such  previous 
success.* 

For  instance,  the  21.  payment  for  a  first  class  would,  if  the 
student  had  previously  taken  a  second  class  in  the  same 
stage,  be  redaced  by  1/. 


*  The  deduction  on  account  of  a  pupil's  previous  success  in 
the  examination  of  May  1869  or  some  previous  year,  when  there 
were  three  classes  in  the  elementary  stage,  will  be  made  according 
to  the  following  scale  : 

a.  For  a  first  class  in  the  elementary  stage — the  student  having 

previously  obtained  a  third  class — 1/.  lOs. 

b.  For  a  first  class — ^the  pupil  having  previously  obtained  a 

second  class — 1/. 

c.  For  a  second  class — the  pupil  having  previously  obtained  a 

third  class — 10*. 
As  respects  Mathematics  (Subjects  lY.  and  Y.)  the  arrange- 
ments with  regard  to  the  previous  successes  of  students  wUl  be 
understood  from  the  following  table.  The  corresponding  divisions 
of  the  subject  under  the  old  and  new  systems  are  given  in  the 
columns  A.  and  B.  With  a  previous  success,  therefore,  as  given 
in  column  A.,  no  payment  will  be  made  on  account  of  the  corre- 
sponding success  at  the  May  1870  examination,  as  given  in 
column  B. 

A.  B. 


Element ABY  Mathematics,  IY. 

3rd  Class,  First  Stage 

2nd    „         H  -  - 

Ist  „  „  - 
2nd    „    Second  Stage  - 

iBt        »  99  ' 

HioEffiB  Mathematics,  Y. 

drd  Class,  First  Stage 
2nd  „         „  - 

2Dd  ^    Second  Stage  - 

l»t       39  99 


Pure  Mathematics. 

Stage  L 
do.    and  2nd  Class  of 

Stage  2. 
do.     and  Stage  2. 
Stages  1  and  2. 
do.      do.  and  2nd  Class 
of  Stage  3. 

Stages  1,  2,  and  3. 
do.        do.       and  2nd 

Class  in  Stage  5. 
do.        do.        and  2nd 
Class  in  Stage  6. 
Stages  1, 2, 3,  and  6,  and  2nd 
Class  in  Stage  5, 
do.   1,  2,  3,  5,  6,  and  2nd 
Class  in  Stage  7. 
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DeductiODS  are  also  made  in  payments  on  account  of  Subject 
1.  to  the  amount  of  any  payments  that  have  been  made 
on  the  Second  Grade  Examinations  in  Art,  in  Practical 
Geometry,  Perspective  or  Mechanical  Drawing. 

XXXIX.  In  Chemisfry  special  extra  payments 
will  be  made  on  account  of  students  who  show  a  good 
knowledge  of  laboratory  practice.  Special  questions 
on  chemical  analysis  .will  be  given  in  the  ordinary 
examination  paper.  The  knowledge  of  laboratory 
practice  above  stated  will  be  shown  by  the  student 
answering  these  questions.  These  payments  will  be 
IQs.  and  \L  extra  on  the  second  and  Jirst  cktss  re- 
spectively  in  both  the  Elementary  and  the  Advanced 
Stage.  Th&if  will  be  claimable  according  to  the  same 
rules  and  subject  to  the  same  deductions  07i  account 
of  previous  sicccess  as  the  ordinary  payments. 

Payments  are  also  made  towards  the  expenses  of  a  student 
for  the  study  of  practical  chemistry  in  a  school  laboratory 
{see  §  LXIII.,  page  26). 

XL.  On  each  student  who  passes  in  the  First  or 
Second  class  in  Honours  41.  and  2/.  respectively 
are  claimable,  provided  the  student  has  already 
passed  through  the  elementary  and  advanced  stages 
after  instruction  in  a  Science  Class  in  connexion 
with  the  Department. 

XLI.  The  claim  for  the  payments  must  be  made 
on  Science  Form  No.  51,  or  on  Art  Form  No.  525,  as 
the  case  may  be.  The  voucher  must  be  signed  by 
the  secretary  or  chairman  and  two  members  of  the 
Committee  at  least,  at  a  meeting  of  the  Committee 
held  specially  for  the  examination  and  certification 
of  the  claim.  (See  Science  Form  No.  51,  Appendix 
A.,  page  39-  N.B. — Many  details  with  regard  to 
payments  will  be  understood  from  the  cases  given  in 
this  form.) 

Special  grants  for  travelling  expenses  of  teacher 
will  be  made^Jbr  one  year  as  an  ewperiment^  but  only 
where  it  is  shown  that  there  is  a  local  organisatum 
for  a  general  system  of  Science  instrucHon  in  an  out" 
lying  district  of  villages  or  small  towns  where  local 
teachers  cannot  be  obtained^  and  where  it  is  clearfy 
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of  advantage  to  have  the  services  of  a  highly  qualified 
teacher  resident  in  the  district. 

Each  case  will  be  considered  on  its  merits.  A 
special  application  must  be  made  before  the  comr 
mencement  of  the  session  explaining  the  exact  cir- 
cumstances of  the  case  J  and  giving  an  estimate  of  the 
travelling  expenses^  second-class  railway  fare^  Sfc. 
The  Department  will  then  decide  what  amount  shall 
he  allowed.  This  will  be  in  the  form  of  a  certain 
allowance  per  journey  on  the  production  of  the 
necessary  vouchers  and  the  satisfactory  proof  that 
fair  work  has  been  done. 

It  must  be  clearly  understood  that  this  gives  no 
claim  for  travelling  expenses  generally ^  and  no  case 
unll  be  considered  unless  the  application  has  been 
received  at  the  commencement  of  the  session  and 
sanctioned  by  the  Department. 

XLII.  A  general  register  must  be  kept  for  the  Begistm 
school,  and  an  attendance  register  for  each  class  in 
each  subject,  on  Forms  which  will  be  supplied  on 
application.  (Apply  for  Science  Forms  Nos.  139  and 
139a.)  These  registers  must  be  made  up  from  day 
to  day,  and  will  be  examined  and  approved  by  the 
Inspector  on  his  visit.  They  must  be  sent  to  the 
Department  with  the  claim  for  payment,  and  no  grants 
will  be  made  unless  the  registers  are  properly  kept. 

a.  The  Committee  must  keep  a  General  Register  (Science 

Form  No.  139)  of  all  the  pupils  attending  the  Science 
Classes  under  their  supcryision,  in  which  the  name,  age, 
address,  and  occupation  of  each  student  must  be  entered* 
This  register  must  be  filled  in  bj  the  Secretarj  or  a 
member  of  the  Committee,  and  not  by  the  teacher. 

b.  For  every  class  the  teacher  must  keep  a  register  of  attend- 

ance (Science  Form  No.  ISOa),  in  which  he  will  enter 
the  presence  or  absence  of  the  students  at  each  lesson* 
The  Committee  is  held  responsible  for  the  entries  being 
correct 

e.  A  record  must  also  be  kept  of  the  visits  which  individual 
members  of  the  Committee  make  to  the  school  from  time 
to  time.    {See  page  8  of  Science  Form  No.  Idd.) 

XLIII.  All  payments  on  accoimt  of  Science  insfmctimi  in 
teaching  are  made  by  the  Science  and  Art  Depart-  SJ^^***^ 
ment.    They  are  only  made  in  respect  of  a  school 
in  connexion  with  the  Department  which  oj^yigj  t^l^^ogle 
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Use  of  Elemen- 
tary School 
premises* 


Examination 
by  the 
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approved  by  it,  and  which  is  open  at  any  time  to  the 
visit  and  inspection  of  its  officers.  No  such  payments 
are  made  in  respect  of  any  instruction  in  Sdence  that 
may  be  given  during  the  three  attendances  of  an 
Elementary  School  receiving  aid  from  the  Educa- 
tional Department,  Whitehall. 

The  managers  of  an  Elementary  School  under  the  inspec- 
tion of  the  Education  Depaitment  can  permit  their  pre- 
mises to  be  used  for  Science  teaching,  provided  that 
no  interference  be  allowed  with  the  primary  purposes  of 
such  Elementary  School,  or  in  any  way  with  the  three 
attendances  of  the  Elementary  School. 

XLIV.  On  the  occasion  of  his  periodical  visit  to 
the  school  or  class,  the  Inspector  will  inquire  and  see 
how  the  instruction  is  being  given,  examining  the 
pupils,  if  necessary,  vivd  voce^  and  report  if  there  is 
sufficient  apparatus  for  the  satisfactory  teaching  of 
,  experimental  science.  If  the  Inspector's  report  of 
any  school  shows  that  the  instruction  is  inefficient, 
and  that  from  the  deficiency  of  proper  apparatus,  &c. 
it  cannot  be  otherwise,  the  Science  and  Art  Depart- 
ment  may  refuse  to  make  payments  on  the  results  of 
the  examinations. 


Scholarships  and  ExHiBmoNS. 

Bohdmhips  XLV.  Grants  are  made  to  aid  local  efforts  in 
founding  scholarships  and  exhibitions.  The  scholar- 
ship is  intended  to  maintain  the  student  while  re- 
maming  at  a  day  school,  and  the  exhibition  to 
support  him  while  pursuing  his  studies  at  some 
central  institution  where  the  instruction  is  of  a  high 
grade. 

XLVI.  There  are  two  forms  of  local  scholarship 
m  connexion  with  elementary  schools : — 

(1.^  The  Elementary  School  Scholarship  { 
(2.)  The  Science  and  Art  Scholarship. 

By  elementary  school  is  understood  any  scho<^  where 
elementary  instruction  is  giren,  whether  aided  bj  the 
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XL VII.  For  the  encouragement  of  advanced  sci-  Mubidom. 
entific  instruction,  there  are  two  kinds  of  exhibitions ; 
(1.)  The  Local  Exhibition, 
(2.)  The  Royal  Exhibition. 

XLVIII.   Elementary  School   Scholarship. — A  g^^^**^ 
grant  of  5/.  is  made  towards  the  maintenance  of  a  sohoUnhi^. 
deserving  student  to  the  managers  of  any  elemen- 
tary school  who  undertake  to  support  him  for  one 
year  and  subscribe  at  least  51.  for  that  purpose. 

Conditions. — 

a.  With  any  number  of  scholars  up  to  100  on  the  register  of  ConditionB  of 

the  school  there  can  be  but  one  such  Scholarship ;  above  obtaining  the 
100  and  up  to  200  two  Scholarships,  and  so  on  for  ^^^^ 
each  100.  Scholarahipfc 

b.  The  Scholarship  or  Scholarships  must  be  awarded  in  com- 

petition to  the  most  successfdl  student  or  students  in  some 
examination  of  the  school.  The  absolute  terms  of  the 
competition  and  the  award  of  the  Scholarship  will  be  left 
to  the  managers  of  the  school,  subject  to  the  approval  of 
the  Science  and  Art  Department. 

c.  The  scholar  must  be  a  student  of  the  industrial  class,  as 

defined  above  (see  §  XXXVL,  p.  13),  and  be  between  12 
and  16  years  of  age. 

d.  He  must  not  be  the  teacher,  pupil-teacher,  or  other  paid 

servant  of  a  school. 

e.  He  must  continue  regularly  to  attend  a  day  school,  and — 

f.  Obtain  at  least  a  second  class  in  the  elementary  stage  in 

some  one  or  more  branches  of  Science  at  the  succeeding 
May  examination  of  the  Science  and  Art  Department, 
after  which  the  Department  grant  of  51.  will  be  paid. 

Application  must  be  made  for  the  Elementary  Date  of 
School  Scholarships  before  the  1st  March  in  one  J^f^TSSit 
year,  and  the  Department  grant  will  be  paid  after 
the  May  examination  in  the  next  year.    {Apply  for 
Science  Forms  Nos,  280,  281,  282.) 

XLIX.  The  Science  and  Art  Scholarship. — A  Science  and 
grant  of  10/.  is  made  towards  the  maintenance  of  a 
student  at  a  day  school  who  has  taken  a  first  grade 
in  Freehand  or  Model  Drawing  and  Elementary  Geo- 
metry {see  Art  Directory,  p.  l6),  and  passed  in 
one  of  the  subjects  of  Science,  provided  that  the 
managers  of  the  school  undertake  to  support  him  for 
one  year  and  subscribe  6/.  for  that  purpose. 
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Where  there  is  no  Art  Certificated  Teacher  the  examination 
in  drawing  can  be  held  hj  the  Science  Class  Committee, 
to  whom  the  necessary  papers  will  be  sent. 

Conditions. — 

a.  With  anj  number  of  scholars  up  to  100  on  the  register  of 
the  school  there  can  be  but  one  such  Scholarship ;  abore 
100  and  up  to  200  two  Scholarships,  and  so  on  for  each 
100  scholars. 

b.  The  Scholarship  or  Scholarslups  will  be  awarded  to  the  most 
successful  student  or  students  in  the  school. 

c.  The  scholar  must  be  a  student  of  the  industrial  class,  as 
defined  above  (see  §  XXXVL,  p.  13),  and  be  between  12 
and  16  jears  of  age. 

d.  He  must  not  be  the  holder  of  an  Elementaiy  School  Scholar^ 
ship,  the  teacher,  pupil-teacher,  or  other  paid  servant  of  a 
school. 

e.  He  must  continue  regularly  to  attend  a  day  school,  and — 
y*.  Obtain  a  higher  class  in  the  subject  of  Science  in  which  he 

has  already  passed,  or  pass  in  some  other  subject. 
ff.  In  each  year  of  holding  the  Scholarship  he  must  pass  either 
in  a  higher  grade  of  the  same  subject  or  in  a  new  subject 

Application  for  the  Sci^ce  and  Art  Scholar- 
and  Of  gj^jp  jj^^^^  made  before  the  1st  March  in  one 
year ;  the  successful  competitors  for  the  scholarship 
will  be  decided  at  the  May  examinations  of  that 
year,  and  the  Department  grant  of  10/.  will  be  p«d 
after  the  May  examination  in  the  next  year.  {.Appbf 
for  Science  Forms  Nos.  283,  284,  285.) 

^^fw'        L.  It  rests  with  the  local  managers  of  the  scholar- 
IXhi^ps.   ships — whether  "  Elementary  School  "  or  "  Science 
and  Art** — to  determine  for  how  many  years  the 
student  may  hold  the  scholarship,  but  in  no  case  can 
he  be  allowed  to  hold  it  for  more  than  three  years. 

Should  the  Managers  wish  the  holder  of  the  scholarsk^  to 
pursue  his  studies  at  another  school,  the  Department  uill 
be  prepared  to  entertain  aii  application  for  the  eontinu' 
ance  of  the  payment  of  the  51.  or  10/.,  provided  dke  other 
conditions  are  still .  complied  withy  and  all  the  ciratm- 
stances  reported  to  the  Departments 

LoNsaiEzhi-  LI.  Locol  ExhihUions.  —  The  Science  and  Art 
bitioD.  Department  will  make  a  grant  of  25/.  per  annum 
to  the  Managers  of  any  school  or  educational  insti* 
tutton,  or  any  Local  Committee  formed  for  the  pur- 
pose, who  will  raise  the  like  sum  by  voluntary  con- 
tribution for  the  maintenance  of  a  student  at  some 
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college  or  school  where  a  thorough  course  of  scien- 
tific instruction  of  an  advanced  character  may  be 
obtained.  The  exhibition  may  last  for  one^  two,  or 
three  years. 

Conditions. — 

a.  The  exhibition  must  be  awarded  in  competition  in  one  or  Conditions  of 

more  branches  of  Science  at  the  May  examination  of  the  obtaining  it. 
Science  and  Art  Department.    The  managers  may  sdect 
any  branch  or  branches  of  Science  for  the  competition,  and 
if  more  than  one  be  taken  they  may  fix  any  relative  amount 
of  marks  they  consider  best  to  assign  to  them. 

b.  The  place  or  places  where  the  exhibition  is  to  be  tenable 

and  where  the  student  is  to  pnrsac  his  studies  may  be 
fixed  by  the  managers  subject  to  the  approval  of  the 
Science  and  Art  Department,  provided  that  the  exhibi- 
tioner shall  always  have  the  option  of  going  to  one  of  the 
following  institutions: — ^The  Royal  School  of  Mines  or 
Royal  College  of  Chemistry,  London,  or  the  Royal  College 
of  Science,  Dublin.  If  either  of  these  Government  insti- 
tutions be  selected,  the  fees  of  the  student  will  be 
remitted. 

c.  The  exhibitioner  must  be  a  student  of  the  industi'ial  class,  as 

defined  above  (see  §  XXXVl.,  p.  13). 

d.  The  gi'ant  of  the  Department  will  be  paid  from  year  to  year 

on  condition  that  a  like  payment  has  been  made  by  the 
managers  or  Local  Committee,  and  that  the  student  has 
pursued  his  studies  satisfactorily  according  to  regulations 
fixed  by  the  Department. 

The  Local  Exhibition  must  be  applied  for  before  o^. 
the  1st  March.    {Write  for  Science  Forms  Nos.  •pp^^^*^^'^ 
286,  287,  288,) 

Thus,  for  example,  a  Local  Exhibition  which  is  to  be  com- 
peted for  in  May  1875  must  be  applied  for  before  the 
1st  March  1875,  and  the  Department  grant  will  be  given 
after  the  May  examinations  in  1876. 

LIL  Rot/al  Exhibitions,  of  the  value  of  50/.  Simons, 
per  annum  tenable  for  three  years,  to  the  Royal 
School  of  Mines,  London,  and  the  Royal  College  of 
Science,  Dublin,  are  given  in  competition  at  the  May 
examinations. 

There  are  nine  Royal  Exhibitions  to  the  Royal 
School  of  Mines,  Jermyn  Street,  and  nine  to  the  congous  of 
Royal  College  of  Science,  Dublin.    They  are  of  the  holding  them, 
value  of  50/.  per  annum  each,  and  are  tenable  for 
three  years.    Three  Exhibitions  to  each  Institution 
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are  therefore  generally  vacated  each  year.  They 
are  competed  for  at  the  May  examinations,  and  are 
held  from  year  to  year  for  three  years,  on  the  con- 
dition that  the  holder  attends  the  lectures  regularly 
during  those  years,  and  passes  the  examinations 
required  for  the  associateship  of  the  school.  The 
Exhibitions  entitle  the  holders  to  free  admissions  to 
all  the  lectures,  and  to  the  Chemical  and  Metallur- 
gical Laboratories  at  those  two  institutions. 

All  persons  over  21  years  of  age,  excepting 
artisans,  and  such  as  come  within  the  category  of 
persons  paid  upon  under  §  XXXVL  p.  13,  will 
be  excluded  from  competing  for  the  Royal  Ex- 
hibitions. Special  cases,  however,  must  he  deter- 
mined according  to  the  spirit  of  the  rules,  and  the 
object  of  the  endowment.  Candidates  should  register 
their  names  as  competitors  for  Royal  EzhibiHonSy  and 
send  in  Science  Form  No.  400  be/ore  the  25th  May. 

LIII.  The  competition  for  the  Royal  Exhibitions 
will  be  determined  as  follows  :— 

The  maximum  number  of  marks  obtainable  in  each 
subject,  except  Mathematics,  will  be  in  the 

Elementary  stage       -  100 

Advanced  stage  •      -  200 

Honours   -      -      •  400 
In  Mathematics  the  numbers  will  be  in  the 

Ist  stage  100 

2nd   „  200 

3rd    „  300 

4th    „  150 

5th    „  300 

6th    „  200 

7th  „  400 
But  in  each  case  the  number  of  marks  gained  in 
the  Elementary  Stage  (or  in  the  1st  stage  in  Mathe- 
matics) will  be  diminished  by  the  minimum  number 
required  to  pass  in  that  stage,  and  the  number  of 
marks  gainea  in  each  of  the  other  stages  i??iU  be 
diminished  by  20  per  cent,  of  the  marks  obtainable 
in  that  stage. 
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The  remainder  will  then  be  added  together  to 
determine  the  candidate  s  position. 

But  no  candidate  will  be  allowed  to  take  an  Ex- 
hibition who  has  not  obtained  in  Mathematics  at 
least  as  many  marks  as  are  required  for  a  second 
class  in  the  second  stage. 

LIV.  Sir  Joseph  WbitwortKs  scholarships  of  the  wwtwurth 
value  of  100/.  per  annum,  tenable  for  three  years,  are  8«^^«^p«- 
also  given  in  competition  at  the  May  examinations. 
Candidates  for  frhitworth  Scholars/dps  should  re- 
gister their  names  as  competitors^  and  send  in  Science 
Form  No.  400  before  the  25th  May. 

Full  infitructions  as  to  the  subjects,  time,  place,  conditions, 
&c.  of  the  competition  for  these  scholarships  are  given  in 
the  Whitwoiih  ProspectoSy  which  can  be  had  on 
application  to  the  Secretary,  Science  and  Art  Department. 

Buiij)iNG  Grants. 

LV.  A  grant  in  aid  of  a  new  building,  or  for  Grants  in  aid 
the  adaptation  of  an  existing  buildmg,  for  a  School  of  g^^^f* 
Science  may  be  made  at  a  rate  not  exceeding  2^.  66^.  Schools, 
per  square  foot  of  internal  area,  up  to  a  maximum  of 
500/.  for  any  one  school,  provided  that  the  school — 

a.  be  built  under  the  Public  Libraries  Act  ( 13  &  14 
Vict.  c.  65. ;  18  &  19  Vict.  c.  70. ;  29  &  30  Vict, 
c.  114.),  {see  Summary  of  the  Law  relating  to  the 
establishment  and  maintenance  of  Public  Libraries, 
&c.,  Appendix  A.,  p.  47)  ;  or — 

b.  be  built  in  connexion  with  a  School  of  Art  aided 
by  a  Department  building  grant. 

And  provided  that  there  is  a  population  in  the 
neighbourhood  which  requires  a  School  of  Science ; 
that  it  is  likely  to  be  maintained  in  a  state  of  effi- 
ciency ;  and  that  the  site,  plans,  estimates,  specifica- 
tions, title,  and  trust  deeds  are  satisfactory. 

The  regulations  under  which  building  grants  to 
Schools  of  Science  are  made  will  be  found  in  Ap- 
pendix A.,  p.  49.  {^PP^lf  for  Science  Form  No.  349.) 
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Onntifbr 


Disposal  of 
appantas  on 
doaing  of 


Apparatus  Grants. 

LYI.  A  grant  towards  the  purchase  of  appara* 
tuSy  diagrams,  &c.,  of  50  per  cent,  on  the  cost  of 
them,  is  made  to  Science  Schools  and  Classes  taught 
by  duly  qualified  teachers  under  the  supervision  of 
Committees  constituted  in  accordance  with  the 
§  X.,  p.  4,  and  approved  by  the  Department. 

If  at  any  time  it  is  found  that  the  apparatus,  ex- 
amples, &c.,  towards  the  purchase  of  wnich  a  grant 
has  been  made  are  not  properly  taken  care  of,  the 
aid  of  the  Department  may  be  withdrawn. 

Grants  on  the  same  scale  will  also  be  made  to  bcIiooIb  or 
classes  not  under  qualified  teachers  in  cases  where  the 
total  value  of  the  apparatus  required  Is  not  above  101 

LYII.  When  schools  or  classes  are  closed  and 
reported  by  their  Committees  as  not  likely  to  be 
reopened  again,  on  application  being  made  to  the 
Science  and  Art  Department,  permission  may  be 
given  for  the  disposal  of  the  apparatus  in  their  charge, 
towards  the  purchase  of  which  aid  has  been  given,  in 
one  of  the  following  ways : — 

1.  By  transfer  to  the  Committee  of  some  other 

Science  School  or  Class,  willing  to  accept  the 
apparatus  on  the  usual  conditions. 

2.  When  the  apparatus  has  been  used  at  least  two 

years  in  the  School,  by  its  becoming  the 
absolute  property  of  the  Committee  of  the 
school  on  their  repaying  to  the  Science  and 
Art  Department  50  per  cent,  of  the  amount 
contributed  hy  it  to  the  purchase  of  the 
apparatus. 

Apparatus  grants  will  only  be  made  on  the  conditioa  that 
Committees  will  transfer  the  apparatus,  on  the  closing  of 
the  school,  when  another  Committee  is  found  wiUing  to 
purchase  it,  and  offers  terms  approved  hj  the  Science  axfed 
Art  Department. 


Orants  of 


apparatus  to         J^^^^^*  ?  g^^^^^^  ^^^^         eudoWcd  School  is 

endowed       eligible  to  receive  a  grant  towards  the  purchase  of 
apparatus,  &c.,  unless  considerable  local  cootributions 
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are  made  in  aid  of  it ;  and  then  only  when  the  appa- 
ratus is  clearly  necessary. 

LIX.  Catalogues  containing  priced  lists  of  appa-  Ctteiognet  of 
ratus,  instruments,  diagrams,  books,  &c,  from  various 
manufacturers  have  been  prepared  in  the  following 
sciences  and  can  be  had  on  application  : — 

(1.)  Practical  Geometrj,  Machine  and  Building  Constraciiony 

and  Mechanics. 
(2.)  Experimental  Phjsics. 


(3.)  Ghemifitrj. 
(4.)  ~  " 


Geology  and  Mineralogy,  Natural  History,  (Physiology, 
Zoology,  and  Botany),  and  Physical  Greography. 

These  catalogues  contain  the  highest  price  of  each 

article  on  which  the  aid  of  50  per  cent,  is  given.  The 

applicant  is  at  liberty  to  select  a  higher  priced  article, 

but  the  aid  towards  the  purchase  of  it  will  be  only 

50  per  cent,  of  the  highest  price  above  mentioned. 

Should  a  lower  priced  article  be  selected  the  aid  will 

only  be  to  the  extent  of  50  per  cent,  of  its  price. 

Schools  are  also  permitted  to  select  a  single  copy  of  each 
of  the  text  hooks  given  in  the  Syllabui;,  towards  the  pur- 
chase of  which  similar  aid  will  be  granted. 

LX.  Committees  requiring  aid  in  the  purchase  Method  of 
of  apparatus,  &c.  should  apply  for  Science  Form  ^^SS^^ 
No.  49*  and  also  for  the  catalogues  referred  to 
above. 

The  Committee  of  the  School  or  class  may  select 
any  of  the  manufacturers  whose  names  are  given  in 
the  catalogues. 

Orders  from  different  tradesmen  must  be  made  on  separate 
forms. 

In  filling  up  the  Form  No.  49,  the  number  of  the  apparatus 
given  in  the  catalogue  must  always  be  mentioned. 

LXI.  Payments,  including  charge  for  packing,  Payments  to 
must  be  made  in  advance  to  the  manufacturers  on 
receipt  of  the  invoice.  The  goods  to  be  sent  at  the 
risk  of  the  purchaser.  On  obtaining  a  receipt  from 
the  Committee  of  the  School  (which  is  included  in 
the  form  of  Requisition)  that  the  articles  have  been 
received,  the  remaining  50  per  cent,  will  be  paid  to 
the  manufacturer  by  the  Department.  ^  , 
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riuitAtioii  of 
grmtt. 


OnntBin  aid 
ofitadents' 


Navigation 
Schools. 


LXIL  Except  as  provided  in  the  next  paragraph^ 
apparatus  grants  are  rigorously  confined  to  artides 
of  a  non-destructible  nature ;  hence  no  aid  will  be 
afforded  in  the  purchase  of  breakable  articles,  such 
as  glass  retorts,  tests  tubes,  &c.,  nor,  indeed  gene- 
rally, in  the  purchase  of  articles  to  be  used  by  the 
student,  as  distinguished  from  those  of  a  permanent 
and  illustrative  character  which  are  required  by  the 
Teacher  in  giving  instruction  in  Science. 

Grants  are  only  made  in  the  purchase  of  one  object  of  the 
same  kind.  Duplicates  of  apparatus,  &c.  are  not  allowed 
at  the  reduced  rate. 

LXIIL  A  grant  of  IL  is  made  towards  the  ex- 
petises  of  a  student  in  the  laboratory  for  a  year ^  on 
condition  that — 

o.  The  School  is  reported  to  be  fomished  wWi  a 
laboratory  sufficient  for  the  purpose  and  fitted 
up  with  all  the  apparatus  given  in  the  official 
list.  {See  Science  Form  No.  402,  Appendix 
A.f  p.  46.) 

b.  That  the  student^  for  whom  the  payment  is 

claimed,  receives  at  least  25  lessons  of  not  less 
than  one  hour  and  a  half  each  in  laharatory 
practice. 

c.  And,  that  he  passes  in  the  Elementary  orinAe 

Advanced  Stage  of  Inorganic  or  Orgamk 
Chemistry. 

The  \l.  payment  may  only  be  claimed  twice,  t.«., 
in  two  separate  yearsj  on  account  of  the  seme  student, 

Where  two  students  use  the  same  set  of  apparatus  {see  Seiemee 
Form  No,  402,  Appendix  A.^  p,  45),  the  payments  made  m  their 
account  towards  its  cost  will  be  1 6s.  each,  provided  Ae  other 
conditions  given  above  are  complied  with. 

Schools  wishing  to  take  advantage  of  this  regulation  must  send 
in  Science  Form  No.  420  before  the  1 5th  December  of  eack  year. 

Supplementary  Grants  in  certain  Subjects,  and 
Special  Aid  to  Teachers  and  Students. 

LXIV.  In  addition  to  the  ordinary  science  exa- 
minations in  May,  class  examinations  are  held 
in  Mathematics,  Navigation,  Nautical  Astronomy, 
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Steam,  and  Physical  Geography  for  the  benefit  of 
seafaring  men — ^and  for  them  only — ^three  times  a 
year  in  all  seaports  where  Local  Committees  are 
formed  and  are  willing  to  undertake  them.  These 
examinations  take  place  in  the  beginning  of  March, 
September,  and  December.  The  application  for 
these  examinations  must  be  made  on  Science  Form 
No.  119  before  the  10th  day  of  the  previous  month. 

These  examinations  are  only  allowed  when  there 
are  at  least  40  candidates  for  examination,  and  in 
such  subjects  and  stages  only  in  which  there  are  40 
candidates  in  the  United  Kingdom. 

The  payments  to  properly  qualified  teachers  (see  §  XXXIIL, 
p.  12)  on  the  results  of  the  quarterly  examinations  for 
seamen,  will  be  according  to  the  same  scale  as  that  laid 
down  for  the  ordinary  May  examinations  {see  §  XXXVIII., 
p.  14),  and  the  regulations  with  regard  to  Committees 
{see  §§  X.  to  XVI,,  pp.  4  to  6),  registers  {see  §  XLII., 
p.  17),  and  number  of  lessons  {see  §  XXXV.,  p.  13), 
must  also  be  carried  out  in  the  case  of  Navigation 
Schools. 

LXV.  Teachers  qiialified  to  earn  payments  on  Special 
results  in  Subject  i.,  Practical^  Plane^  and  Solid  S^^g?'*'^ 
Geometry  J  are  qiuilified  to  earn  payments  on  results 
in  the  Art  examinations  of  the  2nd  Grade  in  Practical 
Oeomefry  and  Perspective.     {See  Art  Directory, 
pp.  16  and  24.) 

The  2nd  Grade  Art  ExaminaiUm  in  Practical  Geometry 
and  Perspective  will  be  held  at  the  same  time  as  the 
Science  Examination  in  Subject  L  The  course  in  the  Art 
subjects  may  be  considered  as  a  preliminary  stage  to  thai 
in  the  Science  subject. 

LiX  VI.  In  order  to  encourage  the  artistic  ability  Extra  grants 
which  may  be  shown  in  drawings  of  buildings  and  jjj  ^^^^ 
machines  executed  by  students  in  Science  classes  as 
exercises  in  Subjects  II.  and  III.»  grants  are  made 
to  the  Local  Committee  of  the  School  similar  to 
those  for  works  executed  in  Art  schools  or  classes, 
provided  the  teacher  is  qualified  in  accordance  with 
§  XXXIII.  {see  p.  12),  to  earn  payments  on  the 
results  in  Subjects  II.  and  III.    The  grants  are  as 
follows,  viz. :— 
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o.  A  payment  not  exceeding  15*.  for  aoy  one 
student,  on  account  of  every  artisan  student 
who  shall  submit  satisfactory  works  executed 
in  the  school  or  class  during  the  then  curreDt 
school  year — 

(1.)  In  Mechanical  and  Machine  drawing; 
and, 

{2.)  In  drawing  details  of  Architecture 
from  copies. 

(Art  Directory,  p.  25,  §  36,  and  p.  36,  Stage  23a.) 

b.  A  payment  not  exceeding  20*.  for  any  one 

student,  on  account  of  every  artisan  student 
who  shall  submit  satisfactory  works,  executed 
in  the  school  or  class  during  the  then  current 
school  year,  in  drawing  or  designing  for 
Architecture. 

{See  Art  Directory,  p.  26,  §  3c,  and  p.  36, 
Stage  236.) 

c.  Architectural  Drawings  of  the  class  referred  to 

in  the  preceding  paragraph  (§6),  executed 
by  students  in  Science  schools  or  classes  are 
admissible  to  the  advantages  of  the  National 
Art  Competition.    (  See  Art  Directory,  p.  30, 

§11.) 

The  works  of  students  of  classes  in  Sabjects  IL  and  IIL 
are  not  excluded  from  the  adrantages  of  this  rule,  erm 
if  such  students  should  bo  teachers  in  other  Seioice 
subjects. 

Frw^miMons    LXVIL  Free  admissions  to  the  lectures  at  the 
Mines  i^d^Coi-  Roval  School  of  Miucs,  Jcmiyn  Street,  or  the  Royal 
icg«  of  Science.  CoUegc  of  Science,  Dublin,  are  granted  to  any  ]^r- 
son  who  takes  a  gold  medal  in  the  May  examination. 

Persons  who  have  taken  a  first  or  second  class  in  the 
Advanced  Stage  in  anj  subject  of  Science  in  the  examins* 
tions  of  the  Science  and  Art  Department,  and  who  show 
that  they  are  bona  fide  Science  teachers^  may  attend  the 
day  lectures  gratuitously,  provided  that  they  be  examined 
in  at  least  one  subject,  paying  a  fee  for  such  examination 
of  one  pound  per  course. 

Candidates  who  have  obtained  a  first  or  second  class  in  the 
Advanced  Stage  may  obtain  tickets  of  admission  to  the 
Educational  and  Art  Libraries  at  the  South  Eenaingtoa 
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Maseum  on  application,  bj  letter,  addressed  to  the 
Secretary  of  the  Science  and  Art  Department. 

LXVIII.  Science  teachers  who  have  taught  two  yi^t»ot 
years  consecutively  and  passed  not  less  than  SOlS^JSI*^ 
students  each  year,  are  allowed  2nd  class  railway  fare 
and  3/.  towards  their  expenses  while  living  in  London 
— on  condition  that  they  remain  there  five  days  at 
least — ^for  the  purpose  of  visiting  the  South  Kensing- 
ton Museum  and  other  Metropolitan  institutions,  in 
order  that  they  may  acquire  for  the  benefit  of  their 
students  a  knowledge  of  the  latest  progress  in  those 
educational  subjects  which  afiect  the  spools* 

Special  arrangements  with  regard  to  these  visits  may  be 
made  from  year  to  year. 

Far  the  year  1871  arrangements  tvill  prcbably  be  made  to 
enable  a  certain  number  of  teachers  to  stay  about  six  weeks 
in  London  to  undergo  a  course  of  instruction  in  teaching 
certain  special  subjects.  Should  these  arrangements  be 
carried  out  such  teachers  will  receive  dOs.  a  week  instead 
of  the  abate  payment* 

Before  he  proposes  to  take  advantage  of  the  grant  the 
teacher  must  make  application  to  the  Secretaiy,  Science 
and  Art  Department :  he  must  also  keep  a  diary  {apply 
for  Science  Form  No.  302)  daring  his  stay  in  London, 
giving  the  names  of  the  institutions  he  has  visited,  with 
brief  observations  on  them. 


Note. — Science  Form  No.  170  {see  next  page) 
grives  specific  instructions  as  to  the  dates  of  returns, 
&c.  Special  attention  is  called  to  this  and  to  its 
concluding  paragraph.  All  the  forms  alluded  to  in 
this  Directory,  as  well  as  the  Science  Directory  and 
the  Art  Directory  (price  6rf.  each),  can  be  had  on 
application  to  the  Secretary,  Science  and  Art  De- 
partment, South  Kensington,  London,  W. 

Letters  addressed  thus  need  not  he  prepaid  in  the 
post. 
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FoBMS  and  Instbuctions  for  Gttioance  in  establishing  and 
maintaining  Science  Schools  and  Classes. 
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TABLE  OF  ICEICOBAKDA. 


SCIENCE  FORM,  No.  170. 


MEMOBAIDA  FBI  THE  USE  QF  SEGRETARIES  AND  MEMBEBt  8F  BCIEBCE 
CBMHITTEEB. 


Dates. 
Constantly  -  - 

When  required 
lit  November 


Brfore  2&th  Feb.  - 
Brfore  3Ut  March 

B^e  24th  April  - 
On  the  2Jth  April 


During  the  May 


To  visit  the  School  and  see  that  the  Registen  aie 
kept  from  day  to  day,  and  that  the  regulations 
of  the  Department  are  duly  carried  out. 

To  sunmion  a  meeting  of  the  Committee  on  the 
occasion  of  the  visit  of  the  Inspector. 

The  Report,  Science  Form  No.  120,  informing  &e 
DepSAiment  of  the  existence  of  a  school  must 
be  carefully  filled  in  and  sent  immediately  on  its 
opening,  or  if  it  be  an  old  school,  on  its 
assemblhijf  after  the  vacation.  This  must  be 
accompanied  or  closely  followed  by  Form  No.  88,. 
forming  the  Committee,  or  No.  168,  continuing 
a  Committee. 

Jfc(U.—lf  the  CommUUe  a»y  Stkool  or  Cloct  hat  mat 
h^n  at  least  prcvitionallf  approved  ^Ikpartmimt  Ufbrm 
the  Zlet  qfJanmirif  m  any  year,  no  pajfrnenie  wttt  be  made  on 
the  reeuU*  qf  the  ojcamimation  qf  that  JSdiool  or  Cktse  in  ike 
ensuing  Maf. 

To  send  Form  No.  329,  stating  in  what  subjects 
examination  will  be  required. 

To  send  Form  No.  119,  giving  the  precise  number 
of  candidates  in  each  subjed;  at  the  examination 
in  May. 

yote,'—yo  oxaminaiion  wiU  be  held  %chere  these  forms  hem 
not  been  sent  in  b^  the  dates  named. 

To  see  that  Form  No.  91  is  hung  up  in  the  Scho<d- 
room. 

If  a  parcel  containing  (1)  the  papers  for  the  caadi* 
dates  to  work  upon,  (2)  copies  of  F<«n  No.  91, 
one  for  each  day's  examination,  and  (3)  envelopes 
in  which  to  return  the  worked  papers,  should  not 
have  been  received,  or  if  there  should  be  any 
mistake  in  the  numbers  sent  for  each  subject  as 
applied  for,  or  in  the  covering  letter,  to  ooDDmuni* 
cate  at  once  to  the  Department. 

The  examination  papers  for  each  evening  will  leave 
London  by  the  night  mail  two  evenings  before, 
t.e.,  Thursday  evening  papers  will  leave  on  Tues- 
day evening,  Friday's  on  Wednesdav  evening, 
Monday's  on  Friday  evening,  etc.  Should  tbcy 
not  arrive  accordingly,  a  telegram  to  be  sent  of 
onee  to  the  Department. 
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On  the  evening  qf 
egandnation. 


AJiet  the  May  ex- 


The  candidates,  being  all  seated  at  6.50,  toiead 
out  the  rules  on  Form  No.  91,  then  give  out  the 
papers  to  be  worked  on.  Then  at  6.55  to  break 
the  seal  of  the  examination  papers  and  distribute 
to  the  candidates.  To  adhere  rigidly  to  the  rulea 
on  Form  No.  91.  To  sign  Form  No.  91.  To 
seal  up  the  papers  in  one  of  the  envelopes  pro- 
vided and  at  once  post  them. 

If  no  candidates  are  examined  the  envelope  qf 
examination  papers  to  be  returned  unopened,  or  if 
two  sets  of  papers  have  been  sent,  one  set  to  be 
returned  unopened.  To  return  Form  No,  400 
before  25th  May. 
On  receiving  printed  lists  of  the  results,  to  give 
one  copy  to  each  candidate  whose  name  appeara 
in  it  as  being  successful ;  to  inform  the  other* 
that  they  have  fitdled. 
To  return,  as  soon  as  possible.  Form  No.  161, 
filled  up  in  strict  accordance  with  tiie  rules  on 
Form  No.  110.  (Prize  List).  To  call  a  meeting 
of  the  Committee  to  examine  and  certify  the 
Teacher's  claims  for  payment.  Form  No.  51,  imd 
the  School  and  Class  Registers,  which  must  be 
sent  up  at  the  same  time.  To  return  Form  No. 
108. 

To  keep  a  record,  and  inform  the  Department,  of 
the  number  of  individuals  examined. 
Note. — Whenever  it  becomes  necessary  to  write  to  a  school  for  a  form, 
or  for  a  return  which  ought  to  have  been  made,  and  through  neglect  has 
not  been  sent  in,  a  stoppage  of  fine  shillings  will  be  made  from  the  next 
payments  on  results:  and  for  every  day's  delay  through  neglect  in  sending 
tn  the  returns  noted  on  this  form  a  stoppage  of  half^a-^srown. 


SCIENCE  AND  ART  FORM,  No.  88. 

LSCAL  COMMITTEES  FOR  SCHOOLS  AND  GLASSES  BECEIVIN0  AID 
THROyOH  THE  SCIEIGE  AID  ART  DEPARTMEiT. 

1.  A  Local  Committee  of  not  less  than  five  well-known  res^nsible 
persons  must  be  formed  in  connexion  with  eveiy  school  or  class,  in  order 
to  eomply  with  the  necessary  requirements  of  the  Science  and  Art  De- 
partment and  to  carry  out  various  arrangements  on  its  behalf  necessary 
ha  testing  the  efl&dency  of  the  instruction,  on  the  proof  of  which  alone 
the  aid  of  the  Department  will  be  given. 

2.  The  gentlemen  who  intend  to  act  on  this  Committee  must  sign  the 
form  on  the  next  page,  stating  their  willingness  to  carry  out  the 
necessary  arrangements  for  examinations,  and  to  observe  all  the  regula- 
tions of  the  Department ;  each  member  after  signing  most  also  give  hia 
address  and  occupation.  Care  must  be  taken  that  the  members  who 
sifpn  the  form  are  properlv  acquainted  with  the  duties  they  propose  to 
discharge ;  a  summary  of  these  duties  is  given  below  (see  §  5),  and  thev 
are  laid  down  at  greater  length  in  the  Science  and  Art  Directories,  whicn 
can  be  obtained  on  appUcation  to  the  Secretary  of  the  Department. 

3.  When  a  school  or  class  is  first  formed,  the  form  on  the  next  pago 
mut  be  signed  at  a  general  meeting  of  the  Committee.  If  the  same  Com- 
mHiee  continue  to  act,  it  will  onlv  be  necessaiy  to  fill  up  Form  No.  168, 
whidi  expresses  the  willingness  of  the  members  to  undertake  their  dntiea 
for  aaother  year :  bat  no  one  can  be  a  member  of  a  Committee^  nor 
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VMBst  in  the  conduct  of  an  examination,  who  has  not  signed  the  fonn  on 
the  next  page. 

The  relation  of  the  teacher  to  the  Committee  of  a  school  or  class 
will  vary  much,  according  to  the  varying  circumstances  of  differoot 
localities.  With  this  and  other  local  arrangements  the  Science  and  Ait 
Department  does  not  interfere,  but  leaves  them  to  the  locality  to  settle. 

5.  The  Science  and  Art  Department  requires  that  the  Local  Committee 
hall— 

a.  Be  responsible  for  the  safe  custody  of  all  apparatus  towards  the 
purchase  of  which  the  Department  has  granted  aid. 

b.  Provide  a  room  or  rooms  of  sufficient  size  to  carry  out  the  annual 
examination  accordm^  to  the  detailed  regulations  under  that 
head.  This  examination  is  of  aU  persons  who  wish  to  present 
themselves,  and  not  only  of  those  attending  the  school  or  class; 
but  those  persons  who  do  not  belong  to  the  school  or  class  must 
send  in  their  names  at  the  appointed  time,  and  may  be  required 
to  pay  a  registration  fee  of  2s,  6d,  for  the  whole  examination. 

c.  See  that  the  school  registers,  showing  the  occupations  of  the 
various  students,  their  attendance,  number  of  lessons,  payments 
of  fees,  Sic,  on  the  approved  forms  (Science  Forms  Nos.  139 
and  139(1,  and  Art  Forms  Nos.  531,  532,  533,  and  534),  be  kept 
properly  filled  up,  and  sent  to  the  Science  and  Art  Department 
when  required. 

d.  Send,  when  required,  to  the  Secretary  of  the  Sdenoe  and  Art 
Department  the  list  of  students  to  be  examined,  specifying  the 
subjects  in  which  they  are  to  be  examined.  Be  responsibk  for 
conducting  and  superintending  the  examinations  in  accordance 
with  the  rules  of  the  Department ;  giving  out  the  examination 
papers  which  will  be  sent  for  that  purpose :  seeing  them  fairly 
worked  and  certifying  to  the  same,  not  less  than  three  of  &e 
Committee  being  always  present :  and  sending  the  worked  ^upetB, 
under  seal,  by  uie  day's  post  to  the  Secretary  of  the  Science  and 
Art  Department. 

e.  When  required,  transmit  to  South  Kensington  works  for  exami- 
nation executed  in  the  school  during  the  previous  year,  and  make 
an  annual  report  of  the  proceedings  of  the  school  or  class. 

/.  Certify  that  those  students  on  whose  examination  daima  to 
pa^pients  on  results  are  based,  are  artisans  or  operatives,  or  eaa 
claim  as  such ;  and  that  the  payments  claimed  are  dne  aooording 
to  the  regulations. 

g.  Certify  that  those  students,  on  account  of  whose  instractioii  hi 
Science  payments  are  claimed,  have  received  25  lessons  at  least 
from  the  teacher  in  the  year,  or  since  the  last  exaniination»  oo 
their  passing  at  which  payment  was  claimed  on  their  aooount. 

6.  The  school  or  class  must  be  at  all  times  open  to  the  viat  and  in- 

rction  of  the  officers  of  the  Science  and  Art  Department  as  a  condition 
the  grant  of  aid  from  it;  if  at  any  time  it  is  found  that  the  apparatus, 
examples,  &c.,  towards  the  purchase  of  which  a  grant  has  been  made  an 
not  properly  taken  care  of,  or  that  a  proper  room  with  firing,  lighting,  &&« 
is  not  provided  for  the  class,  the  aid  of  the^Department  may^be  with- 
drawn. 

7.  The  school  or  class  will  be  inspected  periodically  by  an  offieev.«l 
the  Science  and  Art  Department^  who  will  r^rart  Aether  the  tegolatioBi 
be  strictly  carried  out.  At  his  viaitsy  of  which  due  notice  will  be  gknth 
a  meeting  of  the  Committee  must  be  held  to  tacem  him»  wlwii  m 
many  of  the  members  as  possible  are  expected  to  attend. 
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FoBM  of  Afplioation  to  act  as  a  Coicmittes  for  a  School  or  Clabs  receiving 
Aid  through  the  Sciencs  and  Art  Depabtmkmt. 

TTlis  Form  is  to  be  JiRed  in,  signed  at  a  general  meeting  of  the  Commttee^ 
and  returned  to  the  Department  immediately  on  the  formation  of  a  school  or 
dasSi 

If  the  Committee  of  amf  school  or  class  has  not  been  at  least  proviaionaUy 
approoed  by  the  Department  before  the  \st  Febntary  in  any  year,  no  payments 
wtu  be  made  on  the  results  of  the  examination  in  the  ensmng  May  of  that  school 
or  doss. 

When  a  Committee  continues  to  act  for  another  year  for  a  school  or  doss. 
Form  No.  168  should  be  transmitted,  and  this  form  be  signed  by  new  members 
onhf. 

We,  the  ondersignedf 

O.  The  Ck>inmittee  must  oansiBt  of  a  Chairman,  Secretary,  and  at  least  three  other 
H embeie.  and  muat  be  oompoeed  entirely  of  well-known  reeponaible  persons 
of  independent  position,  who  have  no  such  personal  interest  in  the  school  or 
class  as  can  lay  tnem  open  to  the  sliKhtest  Buspicion  of  partiality.  Belations 
and  pupils  of  the  teacher,  persons  wishing  to  be  examined,  or  who  are  under 
instruocion  in  any  school  or  class  receiving  aid  ftrom  the  Science  and  Art 
Department,  and  teachers  of  any  description  baring  pupils  who  are  candid 
dates  for  the  eiaminations  of  the  Department,  are  not  eligible  as  members 
of  the  Committee. 

NoTB.—A  gentleman  whose  son  or  daughter  attends  any  examination  of 
the  Boienee  and  Art  Department  is  thereby  disqualified  trom  superintending 
any  of  the  examinations  that  year,  though  he  may  act  ou  the  Committee 
in  other  respects. 

«.  It  is  very  desirable  that  as  many  persons  as  possible<in  recognised  positions  of 
public  responsibility  in  the  district,  such  as  Msffistrates,  liimicipal  Autho- 
rities (Mayor,  Aldermen,  or  Town  Councillors),  Heads  of  Educational  Bsta* 
biishments  (Trustees  of  Grammar  Schools,  Managers  of  National  Schools). 
Clergymen,  Ac,  should  bo  on  the  Committee.  It  is  abscluttly  necessary  thai 
at  least  two  such  responsible  persons  should  agree  to  act. 

h.  The  Chairman  must  be  a  Magistrate,  Mayor,  Bcroughreeye,  Provost,  Aldei^ 
man,  or  other  public  officer  of  recognised  position.  Trustee  of  Grammar 
School,  Clergyman  of  the  Established  Church  in  parochial  eraployment» 
or  minister  of  religion  in  charge  of  a  licensed  place  of  public  worshin. 
He  will  have  to  certify  that  the  constitution  of  the  Committee  is  in  accord* 
anoo  with  the  above  requirements. 

I.  The  Secretary  of  the  Committee  of  the  School  or  Class,  as  bein^  the  medium 
of  commumcation,  will  carry  on  all  corresnondence  with  the  Science  and  Art 
Department^  and  is  held  responsible  for  makiiig  out  and  sending  all  returns 
required,  for  the  receipt  and  distribution  or  the  examination  papers,  the 
transmission  of  the  worked  papers,  Ac,  at  the  proper  times  according  to  the 
regulations] 

propose  to  act  aa  the  Local  Committee  for  the 


CSdcBM  ■ehooI,aalMe>  Ctaai,  Stheori 
ofArtfOr  Art  Might  ClMk  J 


held  at  the  ['''^SSSJ***] 


nrMaworsteMtn 

L    orPteH.  J 


  rWMM  of  CItr,  Town,-! 

 L      or  Viujis.  J 

and  tMght  hy_  ._ 
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We  undertake  for  the  year  ending  Slst  Augnst  18  at  least,  and  fbrther  till 
another  Committee  Batiaftictory  to  the  Science  and  Art  Department  has 
been  appointed, 

1.  To  be  responsible  for  the  safe  custody  of  all  the  Apparatus,  Dia- 
grams, Examples,  Casts,  &c.,  towards  the  purchase  of  which  die 
Department  has  in  any  way  contributed. 

2.  l^t  three  or  more  of  oar  number  will  be  ready  at  the  appointed  time 
to  be  present  at,  and  superintend,  the  examinations  of  tiie  School  or 
Class  according  to  the  instructions  of  the  Science  and  Art  Depart^ 
ment,  and  give  the  teachers  the  necessary  vouchen. 

3.  That  a  room  or  rooms  shall  be  provided  for  the  due  carrying  out  of 
such  examination,  according  to  the  rules  of  the  Department,  providing 
sufficient  space  for  the  examination,  not  only  of  all  persons  taught  in 
the  School  or  Class,  but  of  all  others  who  may  wish  to  attend  the 
examination. 

4.  When  required  to  transmit  to  South  Kensington  works  for  exami- 
nation,  and  to  make  an  annual  report  of  the  l^hool  or  Class  ;  and  to 
comply  with  the  regulations  of  the  Science  and  Art  Department. 

(A  fee  of  not  more  than  t$.  9d,  may  be  cbaimd  on  each  applicant  ftir 
exainination  who  is  not  a  student  in  the  class,  to  raunbnrM  the  Committee  ftir 
any  extra  expenses  th^  may  be  put  to  in  providing  a  room. ) 

5.  Ihat  the  School  or  Class  shall  be  open  at  any  time  to  the  visit  and 
inspection  of  the  Officers  of  the  Science  and  Art  Department. 


SlOlTATimB. 

AnnRsss. 

Oocupfttion.  spedaUxatitiiV 

how  follllling  the  oooditiaiis 
of  mles  **  *  "  and  **  i  "  shove. 

Wttn. — Oh  At  Ar«M<im  «r  a 

C^Hwfflw  thU  >»rm  MotcM  be 

Chairman. 

Seereiarif. 

I  certiiy  that  thb  Committee  complies  with  the  requirements  of  tiie  rolei 
kfit  and  k. 


CkairmoM. 

It  occasionally  happens  that  there  are  gentlemen  interested  in  the  school  whom 
it  would  be  advantageous  to  have  on  the  Committee,  but  who  are 
qualified  according  to  rules  A,  t,  A,  from  acting  on  the  Committee  in  any 
of  the  business  connected  wiUi  the  examinations.   These  gentlemen  must 
ngn  the  form  below. 

We  agree  to  the  preceding  nndertaking  with  the  exception  of  clause  2. 


SiGKATtTBB. 

Address. 

OCCXTPATIOV. 

I  reconmiend  that  the  gentlemen  named  above  may  be  allowed  to  act  or 
the  ^eral  committee  of  management,  it  bong  understood  that  they  will  have 
nothmg  to  do  with  conducting  the  examination. 


 CSkocnaoa. 

The  Secretary, 

Scimce  and  Art  Department^ 

South  Keneinjftanf  London^  W, 
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SCIENCE  AND  AST  FORM,  No.  168. 

FORM  OF  APPLiCATIOI  TO  BENEW  A  COMMITTEE. 

To  be  sent  in  before  the  1 5th  November, 

Sn, 

Wb  have  the  honour  to  inform  you  that  a  meeting  of  the  Committee  of 

the  TMraM  BclMol,  Sctene*  ClaM,  SdMoll 

*  L        of  Art,  or  Aft  NIglU  Cla«.  J 

established  at  the  ["""SSLjBS**-"] 

■*  L  or  YlUace.  J 

was  held  at  the  [2S55.] 

on  the  ,  at  which  the  following  members  were 

present: — 


and  we  were  authorised  by  them  and  the  following  members. 


who  oonld  not  attend,  to  inform  you  that  they  are  prepared  to  continue  to  act 

as  the  Committee  of  the  

Ibr  the  year  ending  Slst  August  18  • 

We  have  also  to  inform  you  that  additional  members  who  have  joined  the 
Committee  haye  signed  the  enclosed  Form  No.  88.    [xhu  pangrapiitoiM  mMd  ir 

It  dM  mat,  applj.] 

The  School  irill  be  taught  by  the  following  teachers  during  the  session : — 


We  have  the  honour  to  be,  Sir, 

Tour  obedient  Servants, 


_Chavmum. 
Secretary, 


To  the  Secretary, 

Science  and  Art  Department, 

South  Kensington,  London,  W. 


Digitized  by  Google 


1 88  AKNUIL  RSH^. 


SCIENCE  POEM,  No.  120. 

SCIENCE  CLASSES  NNDER  TEACHERS  tOAllPIED  TO  EARN  PAYMENTS. 

Annual  Bbpost  of  Sgibngb  School  or  Class, 

To  be  made  on  its  eBtablishment,  and  annually  immediate!/  on  reoommeneiBg 
after  the  summer  vacation. 

in  aU  cones  this  form  must  be  sent  iti  before  the  1st  Nooember, 

Name  of  Town  

Plaee,  as  Mechanics'  Institation,  &o.,  1  

in  which  the  Classes  are  held     j  ~ 

Name  of  Street,  No.,  &c.  


Teachers'  names.  .  Their  priTste  addresses. 


Total  No.  of  indiyidnal  Students  

(If  a  student  attends  two  or  more  classes  he  must  only  be  counted  as  one  stntait) 


Classbs  in 
(state  subject 
in  terms  of 
the  Bdence 
Directory). 


Fees. 


No.  of 
Students. 


Dan  on  which 
they  meet. 


Hours  of 
Meeting. 


Period  of  the  Tesr 

duri&g  which 
the  ClaasescantiBiK. 


I   

 Secretary, 

  Address  (f  Secretary, 
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APPLICATION  FOR  PAYMENT. 


SO 


SCIENCE  FORM,  No.  51. 

AypUeattOB  for  Pajment  from  [2!SJ!] 

SelMM  VMelMT  tai  [".SliSM 

«    -  -   ["JWlT'] 


On  behalf  of  the  Committee  of  Management  of  this  School,  We  do  hereby 
eertiiy  that :~ 


(1.)  Mr.. 


has  duly  performed  the  variouB  duties 


derolving  upon  him  as  a  Science  Teacher  in  the  School,  daring  the 

 ending  day  of  18 

(2.)  He  has  given  the  following  students  at  least  25  lessons  during  the 
year,  or  since  the  last  examination  at  which  payment  was  claimed  on 
their  account,  in  each  subject  for  wiuch  payment  is  claimed. 
(8.)  The  under-mentioned  students  belong  to  the  industrial  classes^  as 
coming  within  one  of  the  following  categories : — 

a.  Artisans  or  opentivea  in  the  receipt  of  weekly  wages. 

b.  CoMtfcuards.  policemen,  and  others  who,  though  in  the  reoeipt  .of  weeUjr 

wages,  do  not  support  themselves  by  manual  Ubour. 
e.  Teaohers  of  elementary  schools  in  ooonexion  with  the  Education  Depart- 
ment, Whitehall,  or  the  National  Board  of  Bducaiion,  Ireland. 
tL  Persona  in  the  reoeipt  of  salaries  not  large  enough  to  render  them  liable  to 

the  income  tax,  as  some  descriptions  of  clerks,  shopmeu.  to, 
0.  Small  sbopki  epers  employing  no  one  but  members  of  their  own  fSwdly,  and 

not  assesued  to  the  incomp  tax. 
/.  Tradesmen  and  manufacturers  on  their  own  aeoount,  supporting  themselves 

by  their  own  manual  labour,  not  employing  apprentices,  journeymen,  Ac, 

and  not  assessed  to  the  income  tax. 
ff.  The  children  (not  gaining  thehr  own  livelihood)  of  all  such  peiaons  above 

mmUoncd. 

Examined  and  certified  at  a  meeting  of  the  Committee  held  for  that  pur- 
pose at  [iSSLj]  <m  the  day  of  18 

 Chairman  or  Secretary. 

 1  Tw  mem- 

\  hereof 

 J  Committee, 


I  hereby  certify  that  the  following  particulars  are  correct 


 Teacher, 

Ceute  bow  qoaliScd'] 


Names  ot  Passbd  Snvmam, 

I  «r  th«  itndrBtt  mart  be  anrnattd  alphabMirslly.  AflfT  weh  rtodmt**  bmm  matt 
■oh  in  •  fnuut^  line,  bit  wvenl  tmeet^w  (if  h«  bM  Mre  tliaa  on*);  and  In  the  last  eolw 
ni  ctaimcd  on  cneh  wcmm,  after  makinff  ibc  proper  drductloni. 


Christian 
Name  in 
ftdl. 


^ 


Trade,  or 
Father's 
Trade. 

Wb«nfUhrT*t 
trade  la  nlvcn 


Slate 
nndcr 
wblcb  of 
the  Catr. 

gorle*.  a, 
b.e,d,e, 
CUln  t* 


Position  at  the  late 
Examination. 


In  I 
Man  A'li- 


Stace. 


InArmbic 
Am- 


Hiebrtt 

Pmitionlo 


jrct  In  any 
prpviou 


Pay- 
ment 
claimed. 
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APPLICATKMT  FOR  PAYMENT. 


[SPBCtMSN.] 

SCIENCE  FORM.  No.  51. 

AppUetMon  fbr  VasrmeBt  from        WiUiam  Brawn^ 

aolenoe  Teaober  la  M«  Mechamaf  ItutHute, 
mt  Worksop 


L  orvOtafB.  J 


On  bebalf  of  the  Committee  of  Management  of  this  School,  We  do  healbj 
•certify  that : — 

(1.)  Mr.  WiUiam  Brown  has  duly  performed  the  yarions  duties  deTolTin; 

npon  him  as  a  Science  Teacher  in  the  School,  daring  the  year  ending 

30th  day  of  June  1870; 
(2.)  he  has  gireu  the  following  students  at  least  25  lessons  during  the 

year,  or  since  the  last  examination  at  which  payment  was  clahned  on 

their  account,  in  each  subject  for  which  payment  is  claimed  ; 
(3.)  the  under-mentioned  students  belong  to  the  industrial  classes,  as  ocnung 

within  one  of  the  following  categories : — 


a.  Artisans  or  operatives  in  the  receipt  of  weekly  wages. 

5.  OoastguBrds,  policemen,  and  others,  who  thoocn  in  the  reeeipt  of  wseUj 

WMCs.  do  not  support  themselves  by  manual  labour. 
e,  Teaeners  of  elementary  schools  in  connexion  with  the  EduoaiionDepsftinHil, 


Whitehall,  or  the  National  Board  of  Education,  Ireland. 
d.  Persons  in  the  receipt  of  salaries  not  lar^e  enough  to  render  then  lUde  to 

the  inoome  tax,  as  some  descriptions  of  clerks,  shopmen,  ftc 
0.  Small  shopkeepers  employing  no  one  hut  members  of  their  own  ftooily.soid 

not  aaseased  to  the  income  tax. 
/.  Tradesmen  and  manufacturers  on  tiieir  own  account,  snpportfaig  fheuuelffei 
by  their  own  manual  labour,  not  employing  apprentices,  journeyman,  Ac 
and  not  assessed  to  the  inoome  tax. 
a.  The  children  (not  gaining  their  own  livelihood)  of  all  such  persoos  sbors 
mentioned. 

Examined  and  certified  at  a  meeting  of  the  Committee  held  for  that  purpose  st 
the  Mechanics  Institute,  Worluop  on  the  £5M  day  oiJuJty  1870. 

John  Richards,  Chairman  eF  ScorctOiy* 

Alfred  H,  Dickson  f '^^'^ 
Walter  Harrison  jocSSiL 
I  hereby  certify  that  the  following  particulars  are  correct. 

WiOittm  Bnfwn^Tm^. 

2nd  Class  Certifcate  in  /.,  //.,  ///. ;  ist  Class  in  X.  and 
XL,  1S67  ;  2nd  Class  in  VIIL  and  IX.,  iS66 ;  2nd  Oass  L 
Honours  in  IV.,  iStg. 

Navxs  of  Pasbbd  Studkkts. 

I  or  ib«  ittidnito  iniiPt  be  •mnr«d  alphabfficaUy.  Aftn>  rarli  ct«4#aft  i 
eh  in  a  MMnte  IIm.  kto  ■rvpnl  »ore*MM  (If  a*  \m»  iiMr*  thaa  mm)  i  lath 

II  claimed  oa  eadi  raecvM,  aitrr  makinc  tha  proper  dedncdooa. 


Surname. 

Christian 
Name 
in  full. 

.1  Trade  or 
"S&;  Father's 
J^i  Tmdo. 

\  WheBfMWt 
<jg ,  trade  ia 
«|pui(/)aftarlt. 

SUte 
andcr 
wbleh  of 
ihe  Cat^ 
rorin,  fl, 
».e.d,c, 
Claim  !■ 
mada. 

Positi 
Ex 

Salijeef. 

man  A'u- 
mterait. 

on  at  tfi 
aminati 

SUfa. 

elate 
on. 

Ctoia. 

Btfht* 
Povittoo  ta 
Ma  Si*. 

pravfeaa 
Kxaari- 
aaUoB. 

^\ 
Mned. 

Adams  - 

M 

John 
James. 

M 

Tailor  if.) 
Carried  ov 

e. 

n 

X. 
XT. 

A. 

4 

s 

B. 

f 

/ 

SS 
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Names  or  Passed  Students. 

I  at  Iht  •IwUnti  i 


of  Iht  •inUnti  mvt  be  amag^  alftaabalicdly.  Allw  Mch  ■ladMU'k  OMit  awl  b« 
1  In  a  wpanta  Uim,  his  wrml  toeeeMM  (IT  be  hu  more  than  oot);  and  In  Uu  Uat  eolanw 
daloMd  oa  MOh  MeeMi,  alter  Baki«f  tk«  pnpar  dadUMCkma. 
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SCIENCE  FORM,  No.  91. 


ROLES  FOR  THE  OORDOOT  OF  SCIEfOE  ElARIIRATIORt. 

The  following  rules  must  he  hung  vp  in  the  examination  rooms  or  tie 
class  rooms  for  the  information  of  the  candidates  one  week  before  the  ex- 
amination. They  should  aU  be  carefully  read  by  the  members  of  the 
Committee,  and  those  applying  to  the  candidates  must  be  read  aloud  before 
the  Committee  and  the  cmdidates  on  eaob  atglit  immediately  before  the 
examination  begins. 


Directions  to  the  Committee. 

H.Bk— The  raid  uv  perfectly  deBalti*  and  la  «vd«r  that  Um  datlc*  of  tb«  coanaittN  wmj  be  as  HtUv 
oncrons  ai  poMibU.  it  Is  oot  left  to  any  on**i  diieretlwi  to  Bodlfy  tibo  nlM  la  ttat  ma^tm  dctaO. 

1,  If  one  room  is  used,  throe  of  the  Committee  must  be  present  during 
the  whole  of  the  examination,  if  more  than  one  room  then  two  of  the 
Committee  in  each  room,  who  mnst  carefully  watch  the  whole  esaod* 
nation  and  see  that  candidates  use  no  unfair  means  either  assisting 
one  another  or  using  books  or  notes.  The  members  of  the  Committee 
can,  if  they  wish  it,  relieve  one  another,  as  long  as  the  correct  number 
are  always  present.  No  persons  except  those  under  examination,  members 
of  the  Committee,  and  officers  of  the  Science  and  Art  Department  are  per^ 
mittei  to  he  present  in  the  room  during  the  examination, 

Note.— ^en  there  are  not  more  than  three  candidates  it  will  not  be  neceiMry  for 
more  than  two  memben  of  the  Commitiee  to  be  inresent  al  the  examimfcion.  ' 

2i  Places  must  be  allotted  to  the  candidates  so  that  they  maybs* 
seated  at  least  five  feet  apart,  from  centre  to  centre.  Ink  and  pens 
must  be  provided.  All  diagrams,  &c.,  having  reference  to  the  subjects 
of  the  examination,  must  be  removed  from  the  walls  of  the  ezaminatian 
room.  All  these  arrangements  for  the  accommodation  of  candidates 
should  be  completed  by  d.30  p.m. 

3.  It  may  be  of  service  to  the  Committee  thai  the  teacho  of  the 
class  should  attend  before  the  examination  begins  to  assist  in  getting 
the  candidates  into  their  places ;  his  doing  so,  however,  is  at  the  dis- 
cretion of  the  Committee.  He  may  see  the  candidates  fiU  up  the  fbrns 
on  the  outside  of  their  papers  and  arrange  them  in  classes  for  the 
elementary  and  the  advanced  papers,  and  for  honours,  which  he  wiU 
explain  to  the  Committee  so  that  there  may  be  no  confusion.  But  he 
must  leave  the  room  before  the  examination  pesters  are  opened :  informa- 
tion of  his  having  remained  in,  or  returned  to  the  room  after  this  will 
lead  to  the  examination  being  cancelled. 

Nora.— Should  the  teacher  of  the  claes  wish  to  be  examined,  he  mnst  apply  ipeaBlbr 
to  the  Committee,  so  that  thear  nuur  arrange  to  have  a  table  for  nun  dose  to 
their  own  seats,  and  not  with  the  other  candidates. 

4.  The  blank  papers  supplied  by  the  Department  for  the  candidates  to 
write  their  answers  on  should  be  first  distribwfcedt  and  the  Committee 
should  see  that  the  candidates  commence  by  filling  in  their  names,  &&, 
where  directed.  The  arrangement  of  the  candidates  and  distribution  of 
the  papers  should  be  completed  before  6.50  p.m. 

NOTB.— Should  no  candidate  present  himself  fbr  examination,  the  packet  of  examina- 
tion papers  must  be  returned  to  the  Department  by  the  next  post  ttnopsiMdL 

5.  At  10  p.m.  or,  as  much  sooner  as  all  the  candidates  have 
completed  their  papers,  the  worked  papers  must  be  sealed  up  in  the 
envelope  supplied  by  the  Department  for  that  purpose.  Before  tiiey  are 
thus  sealed  up  neither  the  teacher  nor  any  other  person,  not  being  a 
member  of  the  Committee,  must  be  allowed  to  enter  the  room. 
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As  soon  as  they  aie  sealed  the  packet  of  papers  should  (if  possible)  be 
immediately  posted.  If  it  be  impossible  to  post  it  the  same  night  it 
should  be  placed  in  the  chaige  of  a  member  of  the  committee  and  posted 
the  first  thing  the  next  morning. 

6.  On  these  examinations  depend  large  grants  of  public  money.  On 
their  being  fairly,  honestly,  and  impartially  carried  out  depends  the 
continuance  of  the  system.  The  Committees  are  intrusted  with  this 
duty,  but  they  have  no  authority  to  modify  the  rules  in  any  particular, 
Thej  will  see,  then,  how  necessary  it  is  to  be  extremely  carehil  in  con- 
ducting the  examinations,  and  to  insist  on  the  rules  being  complied 
with  to  the  letter.  They  are  therefore  required  to  fill  in  and  sign  the 
oertifkcate  on  the  third  page  of  this  form,  and  to  forward  the  same  with 
eaob  set  of  worked  papers. 

The  worked  papers  of  tke  candidates  are,  as  will  be  seen  from  Rule  12, 
below,  to  be  imtialed  by  members  of  the  Committee.  This  is  to  prevent 
personation.  And  the  Committee  will  see  how  essential  it  is  that  this 
duty  be  not  treated  as  a  mere  matter  of  form. 


Rbgclations  applying  to  thb  Candidates. 

lb  be  read  to  the  Candidates  on  each  evening  before  the  Etoanmation 
Questions  are  (^ened, 

7.  The  candidates  must  be  in  their  places  at  6.50  p.m.  After  this 
time  no  candidate  should  be  admitted  except  under  very  exceptional 
circumstances,  and  by  express  permission  of  the  Committee,  and  then 
only  if  no  person  has  left  tiie  room  who  has  seen  the  examination  paper. 
No  candidate  may  on  any  account  be  admitted  after  7.30  p.m. 

8.  The  examination  papers  must  be  opened  in  the  examination  room 
in  the  presence  of  the  Comnuttee,  at  6*65  p.m.  No  examination  paper 
magr  on  any  pretence  be  taken  from  the  room  before  8  pan. ;  nor  qfter 
that  hour  until  every  candidate  has  completed  and  given  up  his  warhed 

^'^^Sr^Candidates  should  not  bring  anything  with  them  into  the  exami- 
nation room,*  except  pens  and  pencils.  No  blotting  paper,  scribbling 
paper,  slates,  or  anything  of  the  aort  that  might  be  passed  from  one 
candidate  to  another,  is  on  any  account  to  be  allowed.  Rough  work  and 
calculations  must  be  done  on  the  supplied  form.  The  back  of  each  leaf 
of  the  form,  t.e.,  pages  2,  4,  6,  and  8,  may  be  reserved  for  this  purpose, 
the  pen  being  dbawn  through  to  show  that  they  are  not  for  the  examiner. 
But  nothing  must  be  torn  off  the  farm.  All  books,  note-books,  &c.  must 
be  collected  by  the  Comnuttee. 

10.  Candidates  must  not  on  any  pretence  whatever  speak  to  one 
another  after  the  papers  have  been  given  out.  If  a  candidate  should 
require  to  ask  a  question,  he  will  hold  up  his  hand,  when  a  member  of 
the  Committee  will  attend  to  him,  but  no  question  on  the  meaning  of 
any  portion  of  the  examination  paper  must  be  asked  or  answered. 

11.  When  the  examination  papers  have  been  given  out  no  candidate 
may  be  allowed  to  rtftum  after  having  once  left  the  room.f  On  a 
candidate  leaving  the  room  before  the  examination  is  over  his  worked 
paper  and  examination  questions  must  be  taken  un,  and  he  must  deliver 
iiifl  paper  of  question^  to  the  Committee,  though  he  ma^  have  them 
again  after  his  exanuiuition  is  over.    At  10  p.m.,  precisely,  all  the 


*  Except  iqfih  ai  Iqr  the  Time  Tible  (Science  Form,  No.  90)  are  required, 
t  It  wUl,  therefore,  be  desinible  to  make  some  MTMigements  for  the  oandidMes  to 
retire  within  tiie  room. 
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candidates'  papers  most  be  collected.  It  will  therefbre  be  adviseble  to 
warn  them  ten  minutes  before  the  time.  No  candidate  should  on  any 
pretext  be  allowed  to  leave  the  room  before  8  o'clock.  After  that  hour, 
when  a  candidate  has  completed  his  work  before  10  p.m.»  he  should  be 
directed  by  the  Committee  to  leave  the  room  after  his  worked  paper  has 
been  taken  by  a  member  of  the  Committee. 

12.  The  papers  should  be  initialed,  by  the  Committee  as  directed,  as 
they  are  received  from  each  candidate,  as  a  guarantee  that  each  has  been 
worked  by  him  whose  name,  &c.  it  bears.  Every  paper  on  which  a 
candidate  nas  written  his  name,  or  which  bears  any  mi^s  of  his  work, 
must  be  returned  in  the  sealed  packet  to  the  Department. 

13.  Should  a  candidate  break  any  of  the  foregoing  rules,  or  use  unfair 
means  of  ang  description,  he  must  he  at  once  eg^ftdled  the  exmninalion 
room,  and  his  paper  cancelled,  the  Committee  stating  on  it  the  cause  (fhs 
expulsion. 

CeRTIFICATR  by  THB  COMMITTEB. 

To  he  fiUed  in  and  signed  by  the  Committee  and  forwarded  with  each  set  <f 
worked  papers. 

We,  the  undersigned  members  of  the  Committee  of  the  Sdeoee 
School  or  Class  held  at  

 .  c-^jsssr-]   

hereby  certify  that    we    were    present    during  the  i^rf^tyn^iffn 

 —  [.5Sk] 

held  in  the  .  — [iSStf.]  ^ 

evening  of  the  ^where  the  accompanying  papen 

were  worked  in  our  presence,  and  that  the  foregoing  rules  have  been 
strictly  complied  with. 

Dated  this  day  of  18  . 


Signatures. 

TilaePireient 

Sour  of 
AnivmL 

Hour  of 

7^  above  rules  and  directions  apply  also  to  the  Art  JBMimfMlioM^ 
except  when  modified  by  the  following : — 

Special  Regulations  applying  to  the  Examinations  in 
Drawing  op  the  Second  Grade. 

To  be  read  to  the  candidates  before  they  commence. 

(14.)  One  hour  will  be  allowed  for  each  exercise  of  the  2nd  grade ; 
two  papers  will  therefore  be  given  out  in  one  evening. 
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(15.)  The  candidates  for  the  first  exercise  must  be  seated  in  their 
place  at  7.10  p.m.  No  candidate  for  tills  exercise  inaj  be  admitted, 
after  the  papers  have  been  distributed. 

(16.)  The  packet  contuning  the  1st  paper  most  be  opened  in  the  ex- 
amination room,  in  the  presence  of  the  Committee  at  7  p.m.,  and 
distributed  by  7*15  o'clock  to  the  candidates,  who  must  commence  hj 
filling  up  with  a  black-lead  pencil  the  printed  form  at  the  back  of  the 
paper.  The  worked  papers  must  be  collected  at  8.15  and  9.30  o'clock 
p.m.,  and  put  under  cover. 

(1 70  The  papers  must  be  given  out  in  the  following  order  i-^ 

First  evening. — First  paper,  freehand.   Second  paper,  practical 
geometry. 

Second  evening. — First  paper,  model  drawing.   Second  paper, 
perspectave. 

(18.)  In  the  freehand  and  model  drawing  papers,  no  ruling,  tracing, 
measuring,  or  other  mechanical  means  of  execution  must  be  allowed  or 
resorted  to.  When  the  geometrical,  mechanical,  or  perspective  papers  are 
being  worked,  the  candidates  must  not  be  allowed  to  have  with  them  any 
books  or  notes,  or  other  paper  than  that  upon  which  the  problems  are  to 
be  worked.  These  papers  must  be  given  out  in  the  order  in  which  they 
ue  packed,  so  that  candidates  seated  next  to  each  other  may  not  have 
similar  papers.  Candidates  must  be  as  far  removed  from  each  other  as 
the  accommodation  will  allow.  All  the  papers  must  be  worked  with  the 
black-lead  pencil. 

(19.)  No  candidate  can  be  re-examined  in  any  exercise  in  which  he 
has  previously  passed. 

(20.)  Should  any  breach  of  these  rules  take  place  the  examination 
may  be  cancelled,  or  the  payments  withheld  or  reduced. 

(21.)  The  whole  number  of  papers  issued  must  be  returned  to  the 
Department,  whether  used  or  not. 


Science  Form,  No.  402. 


LIST  OF  APPAIATOS  FOR  LAiORATORY  PURPOSES. 

Where  a  School  Laboratory  has  been  established,  aid  is  granted  towards 
the  expenses  incurred  by  students  in  a  course  of  Laboratoiy  Practice 
according  to  the  regulations  laid  down  in  §  LXIII.,  at  p.  26  of  the 
Science  Directory.  The  following  is  a  list  of  apparatus  with  which 
each  student  should  be  furnished  : — 

8.  d. 

Conical  brass  blowpipe  with  bone  mouthpiece  -         -   2  0 

6  inches  platinum  wire  -         -         -         -         -   0  6 

Platinum  foil,  2  inches  long,  and  1  inch  wide  -         -    1  0 

Test  tube  stand,  24  holes  2  0 

18  test  tubes,  6  in.  by  f  in.  19 

12  test  tubes,  5  in.  by  i  in.  0  10 

2  boiling  tubes,  8  in.  1^  H  in.  -         -         -         -   0  5 

2  Test  tube  brushes  0  5 

Set  of  3  beakers  10 

German  flasks,  1  of  each,  2  oz.,  4  oz.,  8  oz.,  16  oz.,  and  30  oz.  19 
Berlin  porcelain  crucible  li  inch  diameter  -  -  -  0  4 
Berlin  porcelain  evaporating  basins,  one  of  each,  2|  in.  and  3} 

in.  diameter        -        -        -        -        -  -Oil 
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s.  d. 

Funnels,  one  of  each,  li  in.,  2  in.,  and  3  in.  -  -  -  0  (»1 
Englifih  filter  paper,  cut,  two  packets  of  100  filters  each  2}  in. 

and  4i  in  diameter  -  -  -  -  -  0  9| 
Iron  retort  stand  with  two  rings,  damp,  and  squaxe  iron  block   7  0 

Iron  wire  gauze,  5  inches  square,  2  pieces       -         -  -   0  4 

Tin  plate  sand  bath  5  inches  diameter  -         -  -   0  4 

watch  glasses,  2  inches  diameter     -         -         -  -   0  6 

h  lb.  soft  glass  tubes     to  i  in.  diameter       •         -  -  0  8 

4  lb.  combustion  tube  ^  in.  bore        -         -         -  -   0  8 

1  lb.  glass  rod  ^  in.  diameter  -         -         -  -04 

2  feet  black  caoutchouc  tube  t  in.  bore  -         -  -14 

2  feet  black  caoutchouc  tube  ^  in.  bore  —  -  -08 
Thistle  funnel,  18  inches  long  -         -         -         -  -04 

3  dozen  assorted  corks  •  -  -  -  -  1  4 
Wonlf'a  bottle,  2  necks,  pint  size  -  -  -  -  I  3 
Stoppered  Oerman  glass  retort,  2  oz.-  -  -  -  0  7 
Set  of  three  cork-borers,  i,  and  f  in.  with  iron  rod  -  I  0 
Triangular  file  and  handle      -         -         -         -  -  0'  8 

5  inch  round  file  and  handle  -  -  -  -  -  0  9 
Bunsen's  gas  burner,  with  blowpipe  jet,  star  support,  chimnejr, 

and  rose  burner    -         -         -         •         -  -36 

Iron  crucible  tongs      -         -         -         -         -  -10 

4  inch  porcelain  mortar  -  -  -  -  -  1  0 
Box  of  test  papers,  blue  and  red  litmus  -  -  -  0  6 
Solution  of  Cobaltous  nitrate  h  oz.  stoppered  bottle   •  -  0  7 

„        Argentic      „     ^  oz.         „  -  -   0  6 

„       Platonic  chloride  i  oz.     -         -         -  -  1  9 

1  pint  methylated  alcohol  in  bottle     -         -         -  .16 

Glass  spirit  lamp,  4  oz.  capacity         -         -         -  -   0  9 

Deal  box  to  contain  the  set  of  apparatus        -         -  -   2  0 


£2   5  1 


The  set  complete  can  be  obtsmied  in  a  box  for  21.  from  Messrs.  J.  J. 
(jriffin  &  Son,  Garrick  Street,  London,  W.C. ;  or  Messrs.  Jackson  and 
Townson,  89,  Bishopsgate  Street  Within,  London,  B.C. ;  but  schools 
are  not  required  to  purchase  the  apparatus  at  these  manufacturers. 

Note. — The  above  set  of  apparatus  may  be  used  by  two  punls 
making  the  same  experiments  conjointly,  but  this  is  not  recommended. 
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SuMifART  of  the  Law  relating  (I.)  to  the  Establishmbnt  and 
Maintbnancb  of  Public  Libkaribs,  Musbdms,  and  Schools 
of  SciBNCB  and  Art,  and  (11.)  to  the  Acquisition  of  Sitbs  for 
such  Institutions. 


N»B, — This  summary  has  been  prepared  ftrr  the  ^nenl  imtiomamMlou 
mOy  of  persons  desiring  to  establish  Museums  and  Science  and  Art 
Schools,  iui  it  must  be  dearly  understood  that  the  Department  does  mot 
hold  itself  responsible  for  its  legal  accuracy,  and  the  promoters  of  such 
institutions  are  recommended  not  to  take  any  definite  proceedings  under  the 
Acts  without  availing  themselves  ofprofessional  adciee. 


I. 

1.  Any  town,  parish,  district,  or  union  of  parishes,  is  empowered  by 
Act  of  Parliament  (the  Act  for  England  is  the  18  and  19  Vict  c.  70, 
Public  libraries  Act,  1855;  amended  by  the  29  and  30  Vict.  c.  114.  As 
regards  Scotland  and  Ireland,  see  10  and  11  Mow),  to  le\*y  a  rate  not 
exceeding  one  penny  in  the  pound  for  the  establishment  and  main- 
tenance of  buildings,  with  the  requisite  appliances,  suitable  for  "  Public 
*'  Libraries  and  Museums,  or  both,  or  for  Schools  for  Science  or  AH,*' 
provided  that  a  nu^oril^  of  more  than  one-half  of  the  ratepayers  present 
at  a  public  meeting,  duly  convened,  vote  in  favour  of  adopting  the 
provisions  of  the  Act. 

2.  The  preliminary  steps  to  be  taken  with  a  view  to  the  adoption  of 
the  Act  are  these 

(a.)  In  Municipal  Boroughs  the  Act  requires  that  the  mayor  shall  con- 
vene a  puDlic  meeting  on  the  request  of  the  town  council,  or  on 
the  request  in  writing  of  any  ten  resident  ratepayers ; 

(6.)  In  Districts  within  the  limits  of  any  Improvement  Act,  the  district 
board  is  to  convene  a  meeting  upon  tne  requisition  in  writing  of 
at  least  ten  resident  ratepayers ;  and 

(c.)  In  Parishes,  the  overseers  of  the  poor,  on  the  written  requisition 
of  ten  resident  ratepayers,  are  to  convene  a  meeting  to  determine 
whether  the  Act  shall  oe  adopted. 

3.  In  each  case  it  is  neoessarv  that  ten  clear  days'  notice  of  the  time, 
plaoi,  and  object  of  the  meeting  oe  given  by  affixing  the  same  on  or  near 
the  door  of  every  church  and  chanel,  and  at  least  seven  days'  notice  by 
advertisement  in  a  newspaper  published  or  circulating  in  the  borough, 
district,  or  parish,  as  the  case  may  be. 

4.  Any  expenses  incurred  in  connexion  with  the  meeting,  whether  the 
Act  be  adopted  or  not,  are  chargeable  upon  the  borough  fiind  or  rates, 
and  may  be  defrayed,  if  necessary,  by  a  separate  rate  speciallv  levied  for 
the  purpose,  such  rate  not  to  exceed  one  penny  in  the  pound. 

5.  If  any  meeting  duly  convened  to  determme  as  to  the  adoption  of 
the  Act  decides  against  it,  no  meeting  for  a  similar  purpose  can  be  held 
until  the  expiration  of  at  least  a  year  from  the  tune  of  holding  the 
previous  meeting. 

6.  If  the  Act  DC  adopted  the  organisation  for  carrying  its  provisions 
into  operation  is  as  follows : — 

(a.)  In  Boroughs,    "The  management,  regulation,  and  control  of 
*'  libraries  and  museums,  schools  for  Science  and  Art,  shall  be 
vested  in  and  exercised  by  the  council/'  or  by  such  committee 
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as  the  council  may  appoint,  and  the  members  of  the  committee  aie 
not  required  to  be  members  of  the  council. 

(&.)  In  Districts.  l*he  board  or  trustees  acting  in  the  execution  of 
the  Improvement  Act,  or  a  committee  appointed  by  them. 

(c.)  In  Parishes.  Not  less  than  three  nor  more  than  nine  commis- 
sioners to  be  appointed  by  the  vestry,  are  constituted  a  body  cor- 
porate for  the  purposes  of  the  Act,. under  the  name  of  ''The 
"  Commissioners  for  Public  Libraries  and  Museums  for  the  Parish 
"  of  in  the  County  of  

7.  The  council,  board,  or  commissioners  are  empowered  to  borror 
money  at  interest,  on  the  security  of  a  mortgage  or  bond  of  the  borough 
Ainds,  or  of  the  rate  levied  under  the  Act;  and  the  provisions  of  the 
Companies  Clauses,  and  Lands  Qausea  Consolidation  Acts,  1845,  are 
incorporated  with  the  Public  Libraries  Act. 

8.  Where  two  or  more  neighbouring  parishes  combine  for  the  pur- 
poses of  the  Act,  each  j>arish  is  to  appoint  not  more  than  three  commis- 
sioners, and  the  commissioners  for  the  several  parishes  are  to  fcvm  one 
body  corporate,  and  to  act  together  in  the  execution  of  the  Act.  The 
expenses  of  carrying  the  Act  into  operation  are  to  be  borne  by  the 
parishes  in  such  proportions  as  they  may  mutually  approve. 

9.  It  is  important  to  obsen'e  that  where  a  public  museum  or  library, 
or  School  of  Science  or  Art,  has  been  already  established  under  any 
Act  relating  to  public  libraries  or  museums,  a  similar  institution,  may 
be  established  in  connexion  therewith  without  any  further  proceedings 
being  taken  under  the  Act. 

10.  llie  following  are  the  general  Acts  of  Parliament  relating  to  the 
establishment  and  maintenance  of  public  libraries,  museums  and  Schools 
of  Science  or  Art.  Those  printed  in  italics  have  been  superseded  by 
the  others : — 

Stots.  S  andO  Vict.  c.  43  ;  13  and  14  Vict,  c.  65  ;  16  and  17  Viet, 
e.  101;  17  and  18  Vict.  c.  64;  1/  and  18  Vict.  c.  103;  18  and 
19  Vict.  c.  40  (Public  Libraries  Act,  Ireland,  1855);  18  and  19 
Vict.  c.  70  (Public  Librariea  Act,  1865);  29  and  30  Vict.  c.  114 
(Public  Libraries  Amendment  Act,  England  and  Scothmd,  1866), 
repealed  so  far  as  it  relates  to  Scotland  by  the  30  and  31  Vict, 
c.  37  (Public  Libraries  Act,  Scotland,  1867). 

11.  The  pro^'isions  relating  to  the  establishment  and  maintenance  of 
libraries  and  museums,  &c.  in  Scotland  and  Ireland  are  substantially 
the  same  as  the  provisions  of  the  Act  for  England,  but  there  are  some 
differences  in  matters  of  detail,  for  which  it  ^oll  be  advisable  to  rder 
to  the  Acts  themselves,  namely,  for  Scotland,  Stat.  30  and  31  Viet, 
c.  37,  and  for  Ireknd,  Stat.  18  and  19  Vict.  c.  40. 

IL 

12.  By  17  and  18  Vict.  c.  112  (intituled  "The  Literary  and  Sdentifio 
"  Institutions  Act ") — after  reciting  the  expediency  of  affording  greater 
facilities  for  obtaining  and  settling  sites  and  buildings  in  trust  for 
institutions  established  for  the  promotion  of  literature,  sdence  or  aii» 
or  for  the  diffusion  of  useful  knowledge ;  it  is  provided  that  sudi  per- 
sons and  corporations,  as  are  describea  in  l^e  4  and  5  Viet.  c.  38,*  may 

#  *iwP*?**'^<*^*"yj^'?^".**«*55^"®!?<^  legally  or  equitably  in  fteafaoplcftetriL  or 
for  Wb,  in  manors  or  lands  of  freehold,  coktboW,  or  customazy  team,  and  hsnK 
the  beneflciallntePBrt  therein,  in  possession  for  the  time  being ;  and  (t)  any  oomn- 
SSfei^ar**??^  S  '■y*  fwregate.  in  whom  Uad  iMy  be.  in  any  manMr. 

SvwS^JIf^it? «  ?®  proviso  that  no  ecclesiastical  corporation  sole  belovrOe  dinlty 
waw&hop  may  make  such  grant  without  the  consent  in  writing  of  the  bishop  ofSK 
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gnnt,  cosTcy,  or  enfranchise,  either  bj  gift,  sale,  or  exchange,  in  fee 
simple,  or  for  a  term  of  years,  any  (quantity,  not  exceeding  one  acre  of 
their  land,  for  each  separate  institution,  as  a  site  for  such  institution. 

13.  lliese  powers  are  subject  to  provisos  that  they  shall  not  be  exer- 
cised by  tenants  for  life  unless  the  person  or  persons  next  in  remainder 
join  in  the  grant ;  that  in  case  of  gratuitous  conveyance  of  waste  or 
commonable  land  by  any  lord  of  a  manor,  the  rights  of  all  commoners 
and  others  having  interest  shall  be  barred ;  and  that  upon  any  land  so 
granted  by  way  of  gift  ceasing  to  be  used  for  the  purposes  of  the  insti- 
tution, it  shall  revert  to  the  estate  out  of  which  it  was  granted,  except 
only  that  when  the  institution  is  removed  to  another  site,  the  land  may 
be  exchanged  or  sold  for  the  benefit  of  the  institution.  The  same  Ac^ 
of  17  snd  18  Vict.  c.  112,  contains  numerous  provisions  relating  to  the 
persons  by  and  to  whom,  and  the  manner  in  which,  conveyances  may 
be  made ;  the  form  of  such  conveyances ;  the  subsequent  sale  or  ex- 
change of  the  land ;  the  liability  of  trustees  to  whom  land  is  corkYtjed  in 
trust ;  the  ownership  of  any  personal  property  belonging  to  the  insti- 
tution ;  the  power  to  make  byelaws ;  and  the  manner  in  which  the 
institution  may  afterwards  extend  or  abridge  the  purnoses  for  which  it  was 
estabHshed,  or  may  effect  its  own  dissolution  or  the  adjustment  of  its 
affsirs. 

14.  The  Act  applies  to  every  institution,  for  the  time  being,  esta- 
blished for  the  promotion  of  science,  literature,  the  fine  arts,  for  adult 
instruction,  ana  for  the  diffusion  of  useful  knowledge.  It  also  applies 
to  the  foundation  and  maintenance  of  libraries  or  reading  rooms  for 
general  use  among  the  members  or  open  to  the  public,  of  public 
museums  and  galleries  of  paintings  and  other  works  of  art,  collections 
of  natural  history,  mechanical  and  philosophical  inventions,  instruments^ 
or  designs. 

15.  The  conveyance  of  sites  to  tnistces,  or  others  associated  together 
for  educational  purposes,  has  been  still  further  facilitated  by  recent 
legislation.  It  is  no  longer  necessary  to  acknowledge  anv  deed  in  order 
that  it  may  be  enrolled  in  the  Court  of  Chanceiy  (Act  31  and  32  Vict, 
c.  44.  s.  3).  If  the  grantor  be  a  corporation,  or  if  the  conveyance  be 
really  and  bon&  fide  made  for  a  full  and  valuable  consideration,  enrol- 
ment is  no  longer  compulsory,  although  it  is  stUl  permitted;  but  in  all 
cases  of  voluntary  grants  by  individuals,  the  deed  must  still,  in  con- 
formity with  the  Mortmiain  Acts  (9  George  II.  c.  36,  9  George  IV.  c.  86), 
be  enrolled  within  six  calendar  months  from  the  date  of  its  execution 
(31  and  32  Vict.  c.  44.  s.  2). 


SCIENCE  FOBM,  No.  349. 


IE80UTI0IS  OIDEII  WHICH  iOILOIRO  ORARTS  TO  SeHOOLS  OF  tCIERCE 

ARE  HIARE. 

i.  A  gnnt  in  aid  of  a  new  building  suitable  for  a  School  of  Sdenoe, 
or  for  the  adaptation  of  an  existing  building,  will  be  made  provided  that 
the  school  be  built — 

a.  Under  the  Public  libraries  Act  (13  &  14  Vict.  c.  65.^  18  &  19 

Vict.  c.  70.,  29  &  30  Vict.  c.  114.),  or, 
h.  In  connexion  with  a  School  of  Art  aided  by  a  Department 
building  grant ;  and  subject  to  the  conditions  herein-after  set 
forth. 
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2.  All  applicationB  for  gnats  xnit  of  the  parliamentafy  Yote  far  mj 
year  must  be  sent  in  on  or  before  the  I5th  day  of  NoYember  in  ^e  year 
preceding. 

3.  Nomnt  will  be  made  unless  their  Lordships  are  satisfied  that,— 

a.  There  is  a  oopulation  in  the  neighbourhood  which  requires  a 

School  of  ocienoe. 

b.  The  school  is  likely  to  be  maintained  in  efficiency. 

4.  No  grant  will  exceed  29.  6d.  per  square  foot  of  internal  area>  and 
no  grant  will  exceed  5001. 

5.  The  site,  plans,  estimates,  specifications,  title  and  trust  deed,  must 
be  satisfactory  to  the  Lords  of  the  Committee  of  Council  on  Education. 

6.  A  plan  of  the  site  must  be  forwarded  drawn  to  a  scale  of  one-eighth 
of  an  inch  to  a  foot,  and  showing  the  boundaries,  approaches,  and 
abuttals. 

7.  The  site  must  be— 

a.  In  a  situation  not  unhealthy  or  noisy. 

b.  Within  convenient  distance  of  the  homes  of  the  students. 

c.  If  possible  freehold  in  tenure,  without  ineumbtanoe  of  rights 

reserved  over  the  sur&oe,  or  reservation  of  minerab.^ 

8.  The  size  and  number  of  rooms  will  depend  on  local  ctrcumstanees 
and  the  different  sciences  to  be  taught  in  the  school.  The  plans  and 
sections  must  be  submitted  with  the  application  for  the  gran^  and  the 
proposed  buildings  must  be  in  aooordanoe  with  the  regulations  then  in 
force  as  to  size  and  distribution  of  rooms,  ventilation^  and  substantial 
construction. 

9.  In  cases  where  they  may  think  it  necessary,  their  Lordships  wiH 
send  an  officer  of  the  Department  to  inspect  and  report  on  the  suitability 
of  the  building  and  site  ror  the  purposes  of  a  School  of  Sdenoe. 

10.  The  plans,  specifications,  and  estimates  when  approved  and 
sealed  may  be  returned  to  the  promoters  for  use,  but  must  be  lodged  in 
the  Science  and  Art  Department. 

11.  A  trust  deed  must  be  prepared  providing — 

a.  That  the  building  be  used  f  ss  "  a  school  for  the  instruction  oi 

**  children  and  adults  in  the  pure  and  natural  sdenees  appli- 
"  cable  to  industry  and  manufactures." 

b.  That  it  shall  be  open  at  all  times  to  the  inspection  of  the  officers 

of  the  Science  and  Art  Department. 

c.  That  the  students  shall  be  instructed  by  teachers  qualified  to 

earn  payments  on  the  result  of  their  teaching. 

d.  For  the  constitution  of  a  body  of  responsible  trustees  and  a 

committee  of  management. 

12.  This  trust  deed  must,  not  be  executed  until  it  has  been  improved 
in  draft  by  the  Lords  of  the  Committee  of  Council  on  Education. 

13.  When  the  trust  deed  has  been  executed,  and  if  neoessarv  en- 
rolled, a  copy  of  it,  indnding  all  signatum,  attestations,  and  endorse- 
ments, must  be  made  on  plain  unstamped  paper,  and  lodged  in  ihe 
Science  and  Art  Department. 

14.  The  grant  is  made  on  presentation  of  a  certificate  (with  baliBoe 
sheet  annexed)  by  the  buildmg  committee  of  the  school,  setting  forth 
that  the  building  and  conveyance  are  duly  completed,  and  tut  the 
money  in  hand  will,  when  added  to  the  grant,  meet  all  clums  and  finally 
close  the  account. 


*  A  Inaebold  ilte  is  not  accepted  by  their  Lordships  when  a  freehold  site  can  be 
obtained. 

t  If  any  power  of  sale,  or  of  appropriating  the  premises  to  other  uses  than  then  of  a 
school  of  Scieuce  be  reserved,  the  deed  must  contain  a  condition  secnrfaiff  the  repa^ 
ment  of  the  isrant  to  the  Lords  of  Her  Majesty's  Treasaiy. 
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APPENDIX  B. 


Syllabus  of  the  Subjects  in  which  Examinations  in 
Science  are  held  by  the  Department  of  Science  and 
Art. 
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SYLLABUS  OF  THE  SCIENCE  SUBJECTS. 


The  following  Syllabus  baa  been  prepared  in  order  to 
afford  candidates  some  guide  to  their  reading ;  but  it  must 
be  understood  that  the  questions  in  the  examination  need 
not  necessarily  be  on  the  spedfic  points  enumerated. 

The  examination  is  by  paper,  but  oral  examination  may 
be  resorted  to.  The  examination  in  each  subject  is  distinct 
Mention  is  made  of  text-books  solely  to  afford  a  candidate 
some  assistance  in  selection,  and  a  general  idea  of  the  scope 
of  the  examination,  anA  not  at  aU  to  confine  hie  reading 
to  ihoee  ivorJcs,  or  to  aeeert  that  they  are  the  best  on  the 
subjects  they  treai  of. 
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NoTB. — ^The  **  Art  *'  examinationB,  in  practical  geometry  of  the  2nd 
grade,  and  in  perspective,  are  held  on  the  same  evening  ae  the  "  Science 
examination  in  Subject  I.  The  papers  in  practical  plane  geometrv  will 
be  of  the  same  character  as  they  have  been  hitherto.   The  candidate 
should  therefore  be  prepared^ 

(1.)  To  construct  from  sufficient  data  any  triangles,  parallelograms^ 
polygons,  circles,  or  ellipses  required. 

(2.)  To  place  these  figures  in  combination  with  one  another. 

(3.)  To  divide  lines  in  given  proportions. 

(4.)  To  construct  figures  similar  and  proportional  to  given  figures. 
(5.)  To  reduce  polygons  to  triangles  of  equal  area,  ana  vice  versA. 

The  examination  is  based  on  Burohett's  Practical  Geometry. 
Tliis  course  may  therefore  be  looked  upon  as  a  preliminaiy  to  Sub- 
ject I. 

In  the  Art  examination  in  perspective  of  the  2nd  grade,  candidates 
will  be  required  to  put  into  perspective  simple  solids,  or  combinations 
of  them,  on  a  horizontal  plane,  or  to  ascertain  the  dimension  of  such 
solids  from  given  perspective  representations. 

No  problems  wUl  be  proposed  which  cannot  be  solved  by  means  of 
vanishing  and  measuring  points  on  the  horizontal  line,  either  with  or 
witbout  the  oonstmotion  of  a  plan. 

Burchett's  Practi<»J  Perspective  and  Jewett*s  Perspective  are  recom- 
mended for  study. 

Malton's  Brook  Taylor's  Perspective  carries  the  subject  further. 


SUBJECT  l.:-PRACTICAL  PLANE  AND  SOLID  GEOMETRY. 


Every  one  employed  in  any  constructive  art  must  acquire  the  power  of 
representing  on  paper  the  forms  and  proportions  of  the  work  to  be 
executed,  whether  it  be  of  machinery,  or  of  civil  or  naval  architecture ;  and 
others,  not  immediately  interested  in  construction  require,  in  surveying, 
navigation,  &o.  a  knowledge  of  practical  as  well  as  theoretical  geometry 
of  a  more  than  elementary  order. 

Since  it  is  essential  to  their  utility  that  geometrical  drawings  should  be 
accurate,  the  draughtsman  must  by  practice  and  instruction  be  suffi- 
ciently skilful  in  the  use  of  his  ins^ments  and  materials  to  ensure 
neatness  as  well  as  precision  of  execution  :  without  these  qualifications 
it  is  assumed  that  no  one  will  present  himself  for  examination  in  this 
sulject. 

But  although  prepared  to  this  extent,  the  subject  may  be  new  to 
many,  especially  to  those  not  acquainted  with  the  application  of  arithmetic 
and  algebra  to  geometiy;  it  may  therefore  be  necessary  to  apprise  candi- 
dates, not  only  of  what  kind  of  knowledge  will  be  expected,  but  of  the 
form  in  which  the  examination  papers  will  be  drawn  up. 

Each  paper  will  contain  questions  in  both  plane  and  solid  geometry, 
about  12  in  number,  of  which  the  candidate  may  select  any  number  not 
exceeding  eip^ht,  but  to  obtain  a  class  in  eidier  course,  a  large  proportion 
of  the  questions  answered  must  be  from  the  solid  geometiy. 

The  candidate  must  also  understand  that  he  must  strictly  comply  with 
the  conditions  of  each  question,  and  not  imagine  that  by  substituting 
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others^  provided  they  are  analoKoiu,  he  may  obtain  credit  for  hb  ansTiio ; 
strict  impartiality  would  be  violated  by  any  such  latitude.  He  aihoidd 
also  be  most  careful  in  attending  to  the  instructions  issued  to  him 
with  the  examination  questions. 

In  neither  stage  must  the  student  expect  all  the  examination  queetions 
to  be  in  the  verv  words  of  the  syllabus.  He  must  rather  look  forward 
io  having  problems  placed  before  him>  the  solution  of  which  depends 
upon  his  intimate  knowledge  of  the  classes  of  problem  outlined  below. 


First  Staob  or  Elrmbntart  Coursb. 
Pkane  Geometry. 

1.  Exercises  in  neatness  and  accuracy  not  requiring  any  advanced 
'    knowledge  of  geometry,  ejf.,  the  construction  of  an  irv^lar 

polygon  when  the  length  of  its  sides  and  magnitude  of  its  angles 
are  given,  &c. : — 

2.  The  construction  of  plain  scales. 

.3.  IVobkmt'lvhere  straight  lines  only  are  concerned. 

a.  To  draw  a  straight  line  perpendicular  to  a  given  straight  line, 

through  a  given  point,  the  latter  being  either  within  w 
without  the  given  hue. 

b.  To  divide  a  line  so  that  the  segments  may  have  a  given  ttiio. 

c.  To  find  a  meail  ]«oportional  or  a  third  proportMnal  to  two 

straight  lines. 

4.  To  construct  a  regular  polygon  of  ii  aides  upon  a  ^ven  base. 

5.  To  reduce  a  polygon  of  n  sides  to  an  equivalent  triangle. 

6.  To  draw  circles  to  touch  given  lines  or  circles,  or  more  generally,  to 

work  problems  where  the  straight  line  and  circle  are  involvM  in 
various  combinations. 


Solid  Geometry. 

A  general  knowledge  of  the  principles  of  Projection,  and  of  the  mean- 
ings of  those  terms  which  are  m  constant  use,  such  as  Plan,  Elevation, 
Section,  IVace,  &c. 

Application  of  those  principles,  and  illustration  of  the  terms  in  the 
cose  of  a  simple  solid  resting  on  the  horizontal  plane. 

Genendly :— The  elements  of  descriptive  geometry  carried  so  ftf  as  to 
enable  the  student  to  represent  a  soUd  by  its^plan  and  elevation : — 

a.  When  the  inclination  of  one  of  thre  planes  of  that  solid  is  p[iven, 
and  also  that  of  some  line  connected  with  tiie  ^olid  and  lying  in 
that  plane. 

h.  When  the  inclinations  of  two  lines  connected  with  the  solid  are 
given. 


Sbcond  Staob  or  Ai>van<cbd  Coursb. 
Plane  Geometry, 

1.  Tlie  diraion  of  finite  lines,  or  those  lines  jnodnoed  'inidsr  any  of  the 
conditions  stated  in  the  previous  oomne,  or  under  those  of  a  man 
comprehensive  diaraeter,  such  as  haimonically,  ice. 
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2.  To  - determine  by  construciion  Hues  which  Bhall  he  equivalent  to 

magmtudes  giyen  bj  algebraical  expressions,  such  as — 

fl.  ^/m,   a/—,        ~  i      and  n  being  numbers,) 
*   ^   n    ^  m 

c  k 

3.  The  construction  of  polygons  from  adequate  conditions  of  sides^ 

angles,  area,  or  perimeter. 

4.  The  division  of  polygons  into  m  areas  by  parallel  lines,  or  by  lines 

drawn  through  a  given  point. 

5.  To  draw  circles  to  touch  given  lines  and  circles  and  to  pass  through 

two  given  points. 

6.  The  construction  of  those  plane  curves  which  are  required  in  practical 

arts  (ellipse,  parabola,  cycloid,  spirals,  &c.,  &c.) 

7.  The  construction  of  "  scales    to  drawings,  to  difEierent  units  of 

measure,  English  and  foreign,  both  plam  and  diagonal. 


a,  A  more  searching  examination  in  the  principles  and  elementary 

problems  of  descriptive  geometry^  .- 

b,  Bepresentation     a  solid  by  its  plan  and  elevation,  when, — 

1.  A  plane  connected  with  the  solid  is  given,  and  a  line  lying 

in  that  plane. 

2.  Two  lines  connected  with  the  solid  are  given. 

3.  Two  planes  do.  do. 

4.  The  height  of  three  points  of  the  solid  are  given. 

c,  Problems  on  the  sphere,  oone,  and  cylinder, — 

1.  Representation  of  those  sdids  in  given  positions  and  in 

contact. 

2.  The  determination  of  planes  tangential  to  them. 

3.  The  determination  of  their  sections  by  planes  under  given 

conditions. 

4.  The  intersection  of  their  surfitces  when  variously  eombined,  or 

*'  penetration." 

<f.  The  determination  of  the  shadows  of  solid  bodies  bounded  either 
by  plane  or  curved  surfaces,  as  cast  by  either  parallel  or  converging 
rays  of  light. 

€.  IsometBcal  projection. 


'   Examination  for  Honours. 


Plane  Chometry, 

Candidates  for  honours  will  be  required  to  make  constructions  re- 
lating to  the  contact  of  lines  and  circles  with  each  other,  and  with  other 
curves,  requiring  more  knowledge  of  geometry  and  the  power  of  making 
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deduotions,  than  is  expected  of  other  candidates;  hut  the  qaestions  on 
these  and  other  snhjects  will  he  of  a  practical  utilitjin  geometrical 
drawing.  They  must  possess  some  knowledge  of  analytical  geometrj, 
so  as  to  he  aule  to  construct  lines  or  circles  given  bj  algebraical  ex- 
pressions referring  to  co-ordinate  geometrj  of  two  dimensions^  such  as 

^-|-|  =  l.«sinil-fycosil-p  =  0;  {x-fl)«-h(y-  *)»  =  r»,  &c.,  &c 

They  should  also  possess  a  sound  knowledge  of  the  properties,  of  the 
conic  sections,  and  of  those  other  curves  which  aomit  of  practicsl 
application,  such  as  the  epicycloid,  evolute,  &c 

Solid  Geometry. 

Problems  will  be  given  both  in  orthogr^hic  and  radial  (or  per- 
spective) projection.  Amongst  other  subjects  in  the  former  of  these 
must  be  studied  that  bmnch  known  as  isometric  projection,  the  solution 
dt  the  cases  of  the  spherical  triangle  by  constractioD,  the  development 
of  sui&oes,  and  the  intersection  of  curved  surfisoes.  In  the  radial 
projection  the  student  must  show  that  he  is  acquainted  with  the 
geometrical  principles  of  that  method,  and  not  merely  be  capable  of 
"  putting  into  perfective  '*  a  given  solid. 


ArPBKDix  TO  Syixabus  oy  Subject  L 

The  following  brief  oatline  of  an  elementaiy  coarse  of  descriptive  geometry 
is  recommended  to  the  attention  <^  students,  especially  those  who  dqieod 
a  good  deal  npon  their  own  private  study,  and  are  consequently  uncertain  as 
to  what  particular  points  their  chief  attention  shonld  be  devoted  to. 

1.  The  representation  (by  its  plan  and  elevation)  of  a  p<unt  in  qiace  in  all 
the  combinations  of  position  of  which  it  is  capable  {i^.,  whether  above 
or  below  the  horisontal  plane,  before  or  behind  the  vertical  plane). 

9.  Having  given  the  plan  and  elevation  of  a  line,  with  its  extremities 
situated  in  given  poutions  with  regard  to  the  co-ordinate  planes  to 
detennitte:-^ 

Its  traces." 

S<*.  Its  true  length,  and  its  inclination  to  each  plane  of  projection. 

Dedyetion.—To  draw  the  plan  and  elevation  of  a  line  of  given 
length  when  inclined  at  to  Uie  horisontal,  to  the  vertical  plane. 
3.  Having  given  the  "  traces  "  of  a  plane  in  any  position  or  direction  with 
regard  to  the  "ground  line"  to  detennine  the  inclination  of  that 
plane  to  each  plane  of  prqjection,  and  also  the  real  angle  contained 
by  those  traces. 

NoTB. — In  all  cases  where  traces  of  a  plane  are  ooncemed,  the 
student  will  find  his  comprehension  greatly  assisted  by  the  aid  of  a 
paper  diagram  or  model,  thus If  he  draws  a  ground  line  on  a  piece 
of  paper,  and  the  two  traces  of  a  plane  meeting  at  some  point  on  that 
line,  and  then  folds  the  paper  at  the  ground  line,  so  that  the  one 
portion  is  at  right  angles  to  the  other  (thereby  representing  the  co-oi^ 
dinate  planes),  he  will  then  very  readily  see  how  those  two  tnoei 
detennine  the  position  of  a  plane,  and  will  see  more  cleariy  the  reason 
tor  drawing  the  various  lines  necessary  to  solve  the  problems  on  planes 
given  above. 

The  **  deduction  "  from  the  above  problem,  namely,  to  draw  a  pUae 
that  shall  make  given  angles  with  the  planes  of  projection,  had  better 
not  be  attempted  yet  by  the  beginner. 
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4.  To  place  in  a  given  plane  a  line,  indefinite  or  otherwise,  having  a 

propoeed  inclination. 

Ihe  Btndeot  should  he  fulljr  aware  of  the  great  advantages  obtained 
bj  aasnming  the  rerticai  plane  of  projection  at  right  angles  to  the 
gjiven  plane,  or,  as  it  appears  on  paper,  by  taldng  the  groond  line  at 
right  angles  to  the  horizontal  trace. 

5.  To  draw  the  plan  and  elevation  of  a  line  at  right  angles  to  a  given 

plane. 

From  a  point  in  the  plane  to  be  of  given  length. 
S<*.  From  a  point  outside  the  plane. 

6.  Bevertmg  to  problem  4 :— Draw  the  plan,  &c.  of  a  line  a''  long  inclined 

at  A**,  but  lying  in  a  plane  inclined  at  B%  and  complete  the  plan  of  the 
square,  of  which  this  is  one  side. 

It  is  scarcely  necessary  to  warn  the  student  against  assuming  the 
A°  laiger  than  the  B*". 

In  this  construction  will  be  introduced  the  all-important  process  of 
*' coHttrueting  "  the  plane,  i.e.,  turning  it  roond  upon  its  horizontal  trace, 
as  hinge,  tUl  it  takes  up  itself  a  horizontal  position,  and  the  points, 
lines,  &c.,  lying  in  it,  are  seen  in  their  true  relative  positions. 

The  porblem  (6)  may  be  infinitely  varied  as  the  given  **  line  of' 
'*  long,**  need  not  necessarily  be  a  side  of  the  plane  figure  w|iose  plan 
is  to  be  determined,  but  any  line  connected  with  it. 

7.  Let  the  square  in  the  last  problem  be  one  of  the  faces  of  a  cube.  With 

the  aid  of  problem  5  complete  the  phui  of  the  cube. 

The  student  will  have  thos  arrived  at  the  first  case  of  solids  repre- 
sented under  given  conditions,  the  data  in  this  case  being  the  incli- 
nation of  a  plane,  and  the  inclination  of  a  line  lying  in  that  plane. 
But  he  must  not  neglect  in  his  course  the  study  of  the  simple  geome- 
trical solids,  when  resting  on  the  horizontal  plane  with  one  race  or 
the  base  in  contact  with  it.  The  cube,  tetrahedron,  and  octohedron, 
as  also  the  pyramid  and  prism,  should  be  studied  in  these  positions 
and  sections,  or  sectional  elevations  should  be  determined  as  formed 
by  planes  given  in  various  positions. 

•8.  To  find  the  angle  contained  by  two  straight  lines  whidi  meet  (i.e.,  the 
projections  of  the  lines  being  given). 

9.  To  find  the  angle  formed  by  a  given  straight  line  and  a  plane. 

10.  To  find  the  angle  formed  by  two  intersectmg  planes. 

Deduction.  Through  a  g^ven  straight  line,  lying  in  a  given  plane, 
to  draw  a  second  plane,  which  shall  form  an  angle  of  A**  with  the 
first. 

11.  Two  Unes  of  given  length  contiun  an  angle  of  A^     The  one  is  in- 

clined at  B%  the  other  at  C^.    Draw  the  plan  of  the  lines  in  that 
position,  and  determine  the  inclination  of  the  plane  containing  them. 
Memo. — ^A^  B°,  and  C  together  most  not  exceed  180^ 

12.  Two  lines,  each  a"  in  length,  bisect  one  another,  and  are  at  right 

angles.  The  one  is  inclined  at  A°,  the  other  at  B**.  Considering  these 
to  be  two  diagonals  of  an  octohedron,  complete  the  plan  of  the  solid. 

The  student  here  arrives  at  the  second  important  case  of  solids  from 
conditions,  the  data  in  this  case  being  the  inclinations  of  two  Um$ 
connected  with  the  solid. 

Hiis  brief  course  only  professes  to  point  out  to  the  student  those 
problems  which  call  for  his  earliest  and  most  careful  attention,  either 
as  involvinff  an  important  principle,  or  as  being  the  key  to  other 
branches  of  the  subject  He  will  find  that  after  mastering  these,  that 
other  problems  that  he  may  meet  with  in  his  examination  papen  or 
tezi-books  will  have  lost  much  of  their  apparent  difficulty. 
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Froblems  with  reference  to  ciirT«d  foHkeec  eaanot  be  introdoeed 
into  a  brid^  syllabas  like  this,  as  they  cannot  well  be  ttadied  without 
thtf  aid  <»r  an  experienoed  teacher,  and,  as  regards  this  last  remark, 
the  student  is  reconmiended  constantly  to  bear  in  mind  that  10 
minotes  Terbal  instruction  in  this  sabj^ct  is  worth  nearly  one  hoar's 
priTate  study  of  a  text-book. 


Tkxt  Books. 

For  Theoretical  Geometry, 

Any  of  the  numerous  editions  of  Euclid's  Elements,  such  as,— 
EwUd's  Elements  of  Geometry  (School  Edition),  by  R«  Potts,  12ma, 
4tf.  6^.  (London,  Longman,  18<i8.) 

Geometry,  Plane,  Solid,  and  Spherical  (Libtanr  of  Useful  Knowledge). 

(Baldwin,  1830.) 

For  Analytical  Geometry: 

Treatiee  on  Plane  Co-ordinate  Geometry  as  aapUed  to  the  Straa^hi  Line 
and  the  Conic  Sections,  by  I.  Todhunter,  8vo.,  7s,  &d, 

(London,  Macmillan,  4ih  ed.,  1867.) 
A  Treatise  on  Conic  Sections,  by  (j.  Salmon,  8to.,  12s. 

(London,  Loo^an,  4th  ed.,  1863.) 
Treatise  on  the  Analytieal  Geometry  of  Three  Dimensions,  by  J.  Hymen^ 
Svo.,  lOs.  6d.  (Cambridge,  Deighton,  Srd  ed.) 

A  Treatise  on  Algebraical  Geometry,  by  W.  Waud  (Libranr  <rf  Useful 
Knowledge).  (Baldwin,  1835.) 


Far  Practical  Geometry. 

Practical  Geometry,  by  Thos.  Tate  (Gleig's  series),  18mo.,  U. 

(London,  Longman,  1868.) 
Elements  of  Geometrical  Drawing,  by  Thos.  Bradley,  in  two  parts, 

oblong  folio,  each  169.  (Ix)ndon,  Chapman  &  HaU,  1862.) 

Elements  qf  Descriptive  Geometry,  by  J.  WooUey,  text  8vo.,  phtes 

4to.,  20s.  (London,  Ptoker,  1850.) 

Elementary  Geometrical  Drawing,  by  S.  H.  Winter,  in  two  8to.  parts, 

3s.  6d.  and  6s.  6d.  (London,  Longman,  ^1.) 

Elementary  Treatise  on  Descriptive  Geometry,  by  J.  F.  HeaAcr 

(Weale's  series),  12mo.,  2s.  (tandon.  Weale,  1851.) 

First  Lines  in  Geometrical  Drawing,  by  J.  F.  H.  De  Rheims»  8to.,  9s. 

(London,  WiUiams  &  Noigate,  1865.) 
HaWs  Descriptive  Geometry.  (John  Parker,  West  Strand.) 

Practical  Geometry, hj  R.  Burohett  (London,  Chapman  Sc  Hall;  1859.) 
(For  Plane  Geometiy  only.) 

The  following  are  most  valuable  as  works  of  reference  on  the  subgect 
of  Descriptiye  Geometry,  but,  with  the  exception  of  the  third,  sm  too 
diffuse  and  comprehensive  to  be  used  as  text-books  by  the  geacmlity  of 
students : — 

T)rttit^  de  G^om^trie  DesoripHioe,  par  J.  Adh^nar  (with  Alias),  8to. 

20s.  (P^^  4d,  ed.) 

Essais  de  G^om/trie  sur  les  Plans  et  les  Surfaces  Courbes,  par  S.  F. 

L«cK>«-  7th  ed.) 
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JVaiii  de  Q^om^trie  Deserwtwe,  par  Lef^vre  de  Yovacy,  2  vols.,  8vo. 

(Paris,  1864.) 

Droits  de  O^otn^trie  Descriptive,  par  La  Vall^  (with  Atlas),  4io.,  I5s. 

(Paris,  2iid  ed.,  1825.) 

Draii^  di  St^^tomie,  ^c,  par  C.  F.  A.  Leroy,  annot^e  «ur  £.  Mar- 
telet,  4to.  (with  Atlas  in  folio).  (Paris,  1866.) 

Nates  et  Croquis  de  Q^omitrie  Deseriptive,  par  Bardin,  foho,  lOs, 

(Paris,  2nd  ed.,  1837.) 


SUBJECT  II.   MACHINE  CONSTRUCTION  AND  DRAWING. 

It  is  assumed  that  the  candidate  has  ahready  acquired  the  power  of 
representing  objects  in  orthopaphic  projection,  and  of  drawing  to  scale 
{see  Subject  I.)>  and  that  he  is  capable  of  drawing  well  and  neatly ;  the 
examination  in  this  subject  then  will,  besides  thu,  test  his  knowledge 
of  the  fonn  and  construction  of  the  elementaiy  parts  of  machines. 
Small  sketches  of  machine  details  will  be  ^ven,  more  or  less  incomplete, 
with  the  principal  dimensions.  The  candidate  will  be  required  to  make 
firom  these  complete  drawings  to  a  given  scale.  Generally  more  than 
one  view  of  each  detail  will  be  required,  and  the  several  views  must  be 
properly  projected  from  each  other.  The  candidate  should  first  set  out 
the  centre  lines  of  the  drawing  and  should  set  off  the  dimensions  from 
them.  The  candidate  should  indicate  by  diagonal  shading  the  parts 
cut  bv  planes  of  section.  Any  indication  that  the  candidate  has  merely 
copied  tne  sketches  given,  without  understanding  the  principle  of  the 
mechanism,  will  inviJidate  his  examination. 


First  Stage  or  Elementary  Course. 

The  candidate  will  only  be  required  to  show  an  acquaintance  with 
the  simplest  elements  of  machines,  and  the  simplest  methods  of  com- 
bining parts  of  machines. 


Second  Stage  or  Advanced  Course. 

The  candidate  must  show  a  wider  and  more  accurate  knowledge  than 
is  reauired  for  the  elementary  course,  and  a  power  of  drawing  more 
eomplex  combinations.  He  may  be  required  to  draw  one  view  of  a  part 
of  a  machine  from  details  given  in  other  views.  For  instance,  a  plaji 
from  given  elevations. 

The  following  list  is  not  intended  to  be  exhaustive,  but  it  indicates 
tiie  more  important  parts  of  machines,  with  the  form  and  construction 
of  which  candidates  for  the  elementary  and  advanced  courses  should  be 
fioniliarised. 

Proportions  of  bolts  and  nuts ;  connexion  of  cast-iron  parts  by  bolts 
And  flanges ;  connexion  of  parts  by  a  key ;  connexion  of  parts  by  a 
cotter,  or  by  ^bs  and  cotter. 

Shafting  with  collars,  and  bosses.  The  simpler  forms  of  couplings 
for  shafts.   Half  lap  coupling;  box  coupling ;  £i|ce  plate  coupling. 

Forma  of  wrought  and  cast  iron  crossheads.  Of  engine  connecting 
rods.    Of  cast  and  wrought  iron  cranks.   Of  eccentrics. 
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Pedestals  and  plummer  blocks.  Forms  and  proportions  <^  stepi. 
Brackets  for  carrymg  shafts. 

Spur  wheels,  bevel  wheels,  mortice  wheels.  Pallies  for  bdtiiig. 
Fast  and  loose  puUej ;  cone  puUies. 

Construction  of  steam-engme  piston,  and  of  air-pump  bucket. 

Form  and  construction  of  various  kinds  of  valves.  Ball  valve; 
conical  or  puppet  valve ;  flap  valve ;  Indian-rubber  disc  and  bntteiAj 
valve;  double-l^t  valve,  sliding  valve,  or  sluice. 

Glands  and  stuffing  boxes. 

Pipes  and  pipe  joints. 

Amngement  of  simple  steam  cylinder  and  valve  cheat,  with  steam 
passages. 

Arrangement  of  simple  form  of  air  pump  and  valves. 
Arrangement  of  simple  form  of  force  pump  and  valves. 

Examination  for  Honours. 

The  candidate  will  have  to  pass  an  examination  designed  to  test  his 
knowledge  of  the  principles  and  practice  of  machine  construction,  his 
answers  Deing  illustrated,  when  necessary,  bj  careful  hand  sketches. 
He  may  be  examined  as  to  the  general  construction  and  principles 
involved  in  the  action  of  the  most  important  varieties  of  steam  engines, 
water-wheels,  pumps,  presses,  and  machine  tools.  He  should  be  ac- 
quainted with  the  forms  and  most  obvious  proportions  of  transmissire 
machinery,  shafting,  gearing,  &c.,  and  the  modes  of  varying  vdocity  in 
machines.  He  shoula  know  how,  in  the  simpler  cases,  to  proportion  a 
part  of  a  machine  to  the  load  it  has  to  carry.  He  should  have  some 
knowledge  of  the  material  of  which  different  parts  of  machines  should 
be  constructed. 

In  addition  the  candidate  will  have  to  design  some  portion  of  an 
engine  or  machine  from  a  general  description,  and  to  prescribed  dimen- 
sions. He  must  show  a  practical  acquaintance  with  the  construction  of 
the  machine,  and  a  power  of  proportioning  its  parts.  He  should  aim 
at  producing  a  working  drawing.  This  design  the  candidate  will  have 
to  execute  at  his  own  home  in  a  specified  time. 


Text  Books  and  Books  of  Referencb. 

Rudimentary  Principles  of  the  Construction  and  Working  ofMachmenf, 
by  C.  D.  Abel,  C.E.  (Virtue  and  Ca) 

Practical  Treatise  on  Mill  Gearing,  by  Thomas  Box, 

(£.  and  F.  N.  Spoo.) 

Catechism  of  the  Steam  Engine,  by  John  Bourne.  (Longmans.) 
Machinery  and  Millwork,  by  I^ofessor  J.  M.  Rankine.  (Giiffin.) 
Treatise  on  Mills  and  Millwork,  by  Sir  W.  Fairbaim,  C.E. 

(LfOngmaos.) 

The  Elements  of  Mechanism,  by  T.  M.  Goodeve.  (Longmans.) 
Der  Constructeur  von  F.  Reuleaux. 

(F.  Vieweg  und  Sohn  Braunscbwog.) 
Le  Vignole  des  Michaniciens.   Essai  sur  la  Construction  des  Machims, 
Armengaud.  (A.  Morel  et  Cie.,  Puis.) 
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SUBJECT  III.   BUILDING  CONSTRUCTION. 

Ab  the  object  of  this  Course  of  Instruction  is  to  lay  the  foundation  of 
a  sound  knowledge  of  the  principles,  as  well  as  of  the  practice,  of  Build- 
ing Ckinstruction,  and  so  lead  the  workman  to  labour  with  his  head  at 
the  same  time  as  with  his  hands,  the  teacher  should  not,  necessarily, 
attempt  to  push  the  students  through  the  whole  of  the  subjects  enume- 
rated in  this  syllabus,  but  should  limit  the  range  of  his  tuition  according 
to  the  time  at  his  command  and  the  intelligence  of  the  pupils. 

A  larger  number  of  questions  will  be  set  in  the  examination  papers  for 
the  Elementary  and  Advanced  Stages,  than  the  candidates  will  be  allowed 
to  attempt,  so  that  he  will,  to  a  certain  extent,  be  able  to  show  his 
knowledge  in  such  branches  as  he  may,  from  circumstances,  have  piaid 
special  attention  to.  For  instance,  a  student  better  acquainted  with  iron 
toan  wooden  structures  will  be  able  to  select  a  question  on  iron,  in 
preference  to  ooe  on  wood,  work.  In  order,  however,  to  ensure  tJiat 
special  attention  shall  not  be  given  to  work  of  one  descripiion  onfy,  a 
certain  number  of  the  questions  given,  about  one  half,  will  be  oompul- 
soiy,  i,e.,  the  candidate  must  attempt  these,  and  unless  he  shows  a 
sound  knowledge  of  work  of  more  tnan  one  kind,  by  answering  a  fair 
proportion  of  them,  the  rest  of  his  paper  will  not  be  considered. 

Moderately  good  drawing,  showing  an  intelligent  knowledge  of  the  sub- 
ject, will  always  be  awarded  higher  credits  at  the  examination  than  more 
nighly  finished  drawings,  exhibiting  an  ignorance  of  constructive  details. 

First  Stags,  or  Elementary  Course. 

It  is  assumed  that  the  student  has  already  mastered  the  use  of  the 
following  drawing  instruments  : — rulers,  ordinary  and  parallel ;  ruling 
pen ;  compasses,  with  pen  and  pencil  bow-sweeps,  as  well  as  the  con- 
struction and  use  of  simple  scales,  such  as  1,  2,  3,  or  more  feet  to  the 
inch,  showing  inches ;  or  such  as  i,  i,  i,  f ,  f ,  %,  or  other  fraction  of  full 
size,  or  of  any  given  scale  or  drawing :  and  the  meaning  of  such  terms 
as  Plan,  Elevation  (front,  back,  or  side).  Section,  Sectional  Elevation. 

He  should  understand  the  object  of  bond  in  brickwork,  i.e.,  English 
bond,  Flemish  bond,  or  English  bond  with  Flemish  facing,  and  how  it 
is  attained  in  walls  up  to  three  bricks  thick,  in  the  following  instances, 
viz.,  footings  with  offsets,  angles  of  buildings,  connexion  of  external  and 
internal  walls,  window  ana  door  openings  with  reveals  and  square 
^ambs,  external  gauged  arches  (camber,  segmental,  and  semi-circular), 
internal  discharging  arches  over  lintels,  and  inverted  arches. 

He  should  know  where  to  put  wOod  bricks,  or  plugging,  and  their 
use ;  the  construction  and  uses  of  brick  corbeling,  and  the  construction 
of  trimmer  arches  in  fire-places.  * 

He  should  be  able  to  give  sections  and  elevations  to  scale  of  the 
following  kinds  of  mason  s  work,  viz.)  uncoursed  and  coursed  rubble, 
block  in  course,  and  ashlar,  with  their  bond,  and  the  proper  dimensions 
of  the  stones,  as  to  hei^^ht,  width  of  beds,  and  length ;  and  of  the  fol- 
lofving  drPSsings,  viz.,  window  sills,  window  and  door  jambs,  plain  window 
and  door  heads,  door  steps,  string  courses,  quoins,  copings,  common 
cornices,  blocking  courses  ;  and  of  the  following  methods  of  connecting 
stones,  viz.,  by  cramps,  dowels,  joggles,  and  lead  plugs. 

He  should  be  able  to  show  how  to  join  timbers  bv  halving,  lapping, 
notching,  cogging,  scarfing,  fishing,  and  mortise  and  tenon ;  as  applied 
to  wall  plates,  roof  timbers,  floors,  ceilings,  and  partitions. 

He  should  be  able  to  draw,  from  given  dimensions,  couple,  collar,  and 
kinii^post  roofs,  showing  the  details  of  the  framing  and  of  the  ironwork. 
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He  should  be  able  to  draw,  from  gjiven  dimensions,  single,  double,  and 
framed  floors,  with  or  without  oeilijigs  beneath  them ;  showing  modes  of 
supporting,  stiffening,  and  fhiming  nie  timbers,  trimming  romad  hearOis 
and  wells  of  stairs ;  also  floor  coverings  of  boards  or  battens,  rebated  and 
filleted,  ploughed  and  tongued,  and  laid  folding,  with  straight  or  broken 
joints,  beveled  or  souare  heading  joints. 

He  should  be  able  to  draw  in  elevation,  from  given  dimensioDs,  i 
framed  partition  with  door  openings. 

He  snould  be  able  to  draw  in  elevation,  and  give  vertical  and  hori- 
zontal sections  of  solid  door  frames  and  window  frames. 

He  should  be  able  to  describe,  by  drawings,  headings  of  difEeieot 
kinds,  dovetailinf(,  cross-grooving,  rebating,  plough-grooving,  chamftr- 
ing,  rounded  nosing,  and  housings. 

He  should- be  able  to  draw  in  elevation,  and  give  vertical  and  hori* 
zontal  sections  of,  the  following  doors,  viz.,  ledged,  ledged  and  braced, 
fhoned  and  braced,  paneled,  ana  the  mode  of  putting  them  together, 
position  of  hinges  and  furniture ;  as  wdl  as  to  describe,  by  drawing,  the 
foUowing  terms  as  applied  to  paneled  doors,  viz.,  square  and  flat,  bead 
butt,  bead  flush,  moulded,  all  on  one  or  both  sides. 

He  should  be  able  to  draw  in  elevation,  and  to  give  vertical  and  hori- 
zontal sections  of  the  following  window  sashes  and  frames,  viz^  single 
or  double  hung  sashes  with  square,  beveled,  or  moulded  ban,  and  cam 
frames ;  casement  sashes  hung  to  solid  frames,  with  method  of  hanging 
and  securing  in  each  case. 

He  should  be  able  to  show,  in  elevation  and  section,  the  lead-work 
connected  wich  chimneys,  ridges,  hips,  valleys,  gutters,  and  lead-flats. 

He  should  be  able  to  give  an  elevation  and  section  of  the  slating  of  a 
roof  laid  with  duchess  or  countess  slates  on  boards  or  battens. 

He  should  be  acquainted  with  the  proper  cross  section  for  cast-iron 
beams  for  use  in  floor  girders  or  bressummers,  or  as  cantilevers ;  and  be 
able  to  draw  such  a  section  in  its  right  proportions  from  given  dimen- 
sions of  flanges. 

He  should  be  able  to  draw  in  elevation,  from  given  dimensions  and 
skeleton  diagrams,  ordinary  iron  roofs  up  to  40  feet  span,  showing  the 
sections  of  different  parts,  and  methods  of  connecting  them. 

Skcond  Stage,  or  Advancbd  Couiub. 

In  addition  to  the  subjects  enumerated  for  the  Elementary  Coarse — 
in  all  of  which  questions  of  a  more  complicated  nature  may  be  set,  com- 
bining work  done  by  the  different  trades — the  knowledge  of  the  ttudeata 
will  be  tested  under  the  following  heads,  viz, ; — 

Ist.  Freehand  sketches  explanatory  of  any  details  of  construction, 
sach  as  the  joints  of  iron  and  wooden  structures,  and  other  parts  re- 

Suiring  illustration  on  an  enlarged  scale.  These  sketches  may  be  roughly 
rawn,  provided  they  are  clear  and  capable  of  being  readily  understood. 
2nd.  The  nature  of  the  stresses  to  which  the  different  parts  of  ^dd^c 
structures  are  subjected,  as  follows 

In  the  case  of  beams  fixed  at  one  end,  such  as  cantilevers,  and  fixed 
at  both  ends,  or  supported  at  both  ends,  na  in  girders,  the  student  should 
know  which  side  of  the  beam  is  in  compression,  and  which  in  tenuon. 

He  should  be  acquainted  with  the  oest  forms  for  struts^  ties,  and 
beams,  such  as  floor  ioists,  exposed  to  transverse  stress. 

He  should  know  the  difference  in  the  strength  of  a  girder  canying  a 
^ven  load  at  its  centre,  or  uniformly  distributed. 

In  the  ordinary  kinds  of  wooden  or  iron  roof  trasses,  and  Gained 
stractures  of  a  sunilar  description,  he  should  be  Mb  to  <li«ti»g«A 
the  members  in  compression  from  those  in  tension. 
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.  drd.  The  nature,  applicatioD,  and  characteristic  peculiarities  of  the  fol- 
lowing materials  in  ordinaiy  use  for  building  purposes,  viz. : — 

Bricks  of  different  kinds  in  common  use,  York,  Portland,  Caen,  and 
Bath  stones  (or  stones  of  a  similar  description),  granite,  pure  lim^ 
kydrauUc  lime,  Portland  and  Roman  cement,  mortars,  ooaoretes,  grout, 
asphalte,  timber  of  different  kinds  in  common  use,  cast  and  wrought 
iion,  lead. 

4th.  CoDstrnctire  details,  as  follows  : — 

The  ordinary  methods  of  timbering  excavations,  such  as  for  founda- 
tions to  walls,  or  for  laying  down  sewers ;  the  erection  of  bricklayer's 
and  mason's  scaffolding;  the  construction  of  travelers;  the  use  of  piles 
in  foundations,  lioop  iron  bond  in  brickwork,  diagonal  and  hemng-bone 
courses  in  ditto,  damp-proof  courses,  bond  timber  in  walls  and  the* 
objections  to  it. 

He  should  know  how  bricks  are  laid  in  hollow  walls,  window  or  door 
openings  with  splayed  iambs,  flues,  chimneys,  fireplaces,  and  arches  up 
to  about  2(>  feet  span ;  how  mortar  ioints  are  finished  off,  and  the  thick- 
ness  usually  aUowed  to  them ;  why  bricks  and  stones  ought  to  be  wetted 
before  being  laid. 

He  should  be  acquainted  with  the  construction  of  brick  ashlar  walls, 
rubble  ashlar  walls,  stone  stMrs,  wooden  stairs  (both  dog-legged  and 
open  newel),  skylights,  fire-proof  floors  (such  as  brick  arches  supported 
on  rolled  or  cast-uon  girders.  Fox  and  Barrett's,  and  Dennett's  patent 
concrete  floors),  circular  and  egg-shaped  drains,  roofs  of  iron  or  wood, 
for  spans  up  to  60  feet ;  the  fixing  oi  architraves,  linings  and  skirtings 
to  widls,  shutters  to  windows,  lath,  plaster,  and  battening  to  walls,  roof 
coverings  of  tiles  and  sine,  slate  ridges  and  hips. 

Written  answers  will  be  required  to  some  of  the  questions. 

Examination  for  Honours. 

The  candidate  will  have  to  furnish  a  design  for  a  building,  or  part  of 
a  building,  in  accordance  with  given  conditions ;  which  design  he  will 
be  aOowed  to  draw  out  at  his  own  home. 

He  will  be  called  upon  to  answer  in  writing — ^illustrated  bv  sketches, 
either  freehand  or  to  scale,  as  directed— questions  on  all  tne  subjects 
previously  enumerated  for  the  elementary  and  advanced  Courses. 

He  must  possess  a  more  complete  knowledge  of  building  materials, 
thdr  application,  strength,  and  how  to  judge  of  their  quality;  and  in 
the  case  of  iron,  of  the  processes  of  manufacture,  and  the  points  to  be 
attended  to  in  order  to  insure  sound  castings,  and  good  riveting. 

He  must  be  able  to  solve  simple  problems  in  the  ueory  of  construction, 
such  as  in  the  case  of  a  beam  supported  at  both  ends,  to  ascertain  the 
proportion  of  the  load  transmitted  to  each  point  of  support,  and  to  deter- 
mine the  safe  dimensions  of  iron  or  wooden  beams  subjected  to  dead 
loads. 

^  In  ordinary  roof  trusses  and  framed  structures  of  a  similar  descrip- 
tion, he  must  be  able  to  trace  the  stresses;  brought  into  action  by  the 
load,  i^m  the  points  of  application  to  the  points  of  support,  as  well 
as  to  determine  the  nature  and  amount  of  the  stresses  on  the  different 
members  of  the  truss,  and,  consequently,  the  quantity  of  material 
reouired  in  each  part. 

In  ordinary  walls  and  retaining  walls,  he  must  be  able  to  ascertain  the 
conditions  necessary  to  stability,  neglecting  the  strength  of  the  mortar. 

Tbxt  Books. 

B.  d. 

Drawing  for  Carpenters  and  Joiners.    Davidson.  Publisher, 

Cassell,  Petter,  and  Galpin  3  6 
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Building  Constraction  and  Architectaral  Drawing.  Davidaon* 

Publisber,  Cassell,  Fetter,  and  Galpin  -  -  -  -20 
The  Art  of  Building.   Dobson.   (Weale's  Seriea.)  Publiaher, 

Virtue  and  Co.  -         -        -        -         -  -16 

Foundations  and  Concrete  Works.   Dobson.   (Weale's  Series.) 

Publisher,  Virtue  and  Co.  -  -  -  -  -16 
Carpentry  and  Joinery.   (Weile's  Series.)   Publisher,  Virtue 

and  Co.  16 

Plates  to  ditto.    (Weale's  Series.)   Publisher,  Virtue  and  Co.  -  4  6 
Roofs  for  Public  and  Private  Buildings.  (W^e's  Series.)  Pub- 
lisher, Virtue  and  Co.  -         -         -         -         -  -16 

Iron  Roofs  of  recent  Construction,  descriptive  plates.  Virtue 

and  Co.  46 

Masoniy  and  Stone-cutting.   Dobson.    (Weale's  Series.)  Pab- 

lisher,  Virtue  and  Co.  -         -         -         -         -  -26 

Limes,  Cements,  Mortars,  Concretes,  Mastics.  Bumell.  (Weale's 

Series.)  Publisher,  Virtue  and  Co.  -  -  -  -  1  6 
Brick  and  Tile-making.   Dobson.   (Weale's  Series.)  Publisher, 

Virtue  and  Co.  3  0 

Exercises  on  Mechanics  and  Natural  Philosophy.   Tate.  Pub- 

lieher,  Longman         -         -         -         -         -  -20 

Books  of  Reference  for  the  General  Library. 

£  «.  d. 

Gwilt's  Encyclopsddia  of  Architecture.    Publisher,  Longman  2  12  6 
Tred^old's  Carpentry.    (New  edition  in  the  press.)  . 

Ashpitel's  Treatise  on  Architecture.    Publisher,  Black        -  1  10  0 
Newland's  Carpenters  and  Joiners'  Assistant.  Publisher, 

Blackie      -         -         -         -         -         -         -  2  18  0 

Nicholson's  Carpentry.    Publisher,  Kelly. 

Reid  on  Portland  Cement.   Publisher,  Spon           -         -  0  12  6 

Rankine's  Civil  Engineering.   Publishers,  Griffin  and  Co.    -  0  16  0 
„      Useful  Rules  and  Tables.     Publishers,  Griffin 

and  Co.   0  9  0 

number's  Handy  Book  of  Strains.   Publisher,  Spon          -  0  7  6 

Sheilds  on  Strains  in  Ironwork.   Publisher,  Weale  -         -  0  5  0 


SUBJECT  III.  (ALTERNATIVE).— NAVAL  ARCHITECTURE. 

First  Stage  or  Elbmbntary  CouRfiB. 

Candidates  for  the  elementary  course  will  be  required  to  possess  safB- 
cient  knowledge  of  practical  ship-building,  to  apply  the  various  map 
terials  used  for  that  purpose  to  the  greatest  advantoge,  such  for  instance 
as  shift  of  butts  "  for  both  wood  and  iron  ships.  Also  to  be  able  to 
make  sketches,  to  scale,  of  the  component  parts  of  a  ship's  hull. 

Second  Stage  or  Advanced  Courbb. 

Candidates  for  the  more  advanced  course  will,  in  addition  to  that 
directed  for  the  elementary  course,  be  required  to  make  det^  and 
working  drawings,  showing  a  knowledge  of  the  methods  of  oomlnDing 
the  several  parts  of  a  ship's  hull.  Also  to  possess  a  knowledge  of  laying 
off  on  the  mould  loft  ftoor. 
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Examination  for  Honours. 

Tlie  hononn  examination  will  embrace  questions  relating  to  the 
calculation  of  displacement,  in  addition  to  that  prescribe  d  for  the  pre- 
ceding courses ;  and  the  candidates  will  be  reouired  to  make  a  drawing 
at  home,  comprising  sheer,  half-breadth,  ana  body  plans,  from  data 
which  will  be  furnished. 

Neatness  and  accuracy  in  drawing  will  be  insisted  on. 

Text  Books. 

Rwdmeuts  of  Naval  Architecture,  by  James  Peake  (Weale's  Series),. 

12mo.,  3f.  (London,  Weale,  1851.) 

Sk^lthuildinff  in,  Iron  and  Ste^,  by  £.  J.  Reed,  8vo.,  30s. 

(London,  Murray,  1868.) 
Directiontfor  Lojfing-off  Skips,  by  J.  Fincham,  8vo.,  5^. 

(London,  Whittaker,  1840.) 
OntHne  of  Shipbuilding,  by  J.  Fincham,  8vo.,  3\s.  Sd. 

(London,  Whittaker,  1840.) 
Shipbuilding,  Theoretical  and  Practical,  edited  by  W.  J.  M.  Rankine, 
folio.  Sis.  (London,  Mackenzie,  1866.) 

For  the  General  Library  :  Barlow*s  Strength  of  Materials. 


SUBJECTS  IV.  $t  v.— MATHEMATICS. 

This  subject  is  divided  into  seven  stages.  The  examination  in  stages 
1,  2,  and  3  is  taken  on  one  evening;  in  stages  4  and  5  on  another ;  and 
in  stages  6  and  7  on  a  third. 

A  student  may  in  any  one  year  come  up  on  all  three  evenings,  but  he 
may  only  take  up  one  stage  on  each  evening.  The  manner  in  which 
the  subject  has  been  divided  under  the  several  stages  has  been  largely 
dictated  by  the  requirements  of  the  system  of  the  Department  aa 
respects  payments  on  results  and  method  of  examination.  The  se- 
quence of  the  stages  is  therefore  not  to  be  considered  strictly  as  a 
guide  to  the  student's  reading.  There  is  no  reason,  for  instance,  why 
a  student  should  not  read  the  portion  of  the  subject  given  under 
stage  4  at  the  same  time  or  before  tnat  given  under  stage  3. 

N.B. — Sufficient  questions  will  alwavs  be  given  in  the  early  portions 
of  each  stage  to  enable  a  student  witn  a  thorough  knowledge  of  them 
by  good  answering  to  obtain  a  second  class. 

First  Staor. 

A  certain  number  of  questions  will  be  set  which  must  be  attempted ; 
and  no  candidate  will  be  allowed  to  pass  unless  his  answer  to  those 
questions  shows  that  he  possesses  sufficient  knowledge  of  the  subject  to 
obtain  a  correct  solution. 

1.  Arithmetic  generallg. — ^Fhe  performance  of  nimierical  calculations 
with  accuracy  and  lucid  arrangenient,  and  explanation  of  the 
reasons  of  processes  of  a  simple  kind,  may  be  demanded,  lliis 
branch  is  mentioned  not  so  much  as  a  separate  subject,  but 
because  wherever  examples  are  given  which  involve  numbers,  the 
complete  solution  in  figures  should  be  given:  that  it  may  be 

Digitized  by  Google 


66 


SUBS.  lY.  &  y.  — ICATHBICiLTIGa 


Moertained  by  the  examiner  that  the  candidate  can  from  formula 
in  symbols  deduce  useful  numerical  results. 
Decimal  fractions  in  all  cases  to  be  shown  (not  valvar  /roelsoat). 

2«  GeoMelry.— The  properties  of  lines,  triangles,  rectilinew  %iueB^  aa 
far  as  thej  are  treated  in  the  1st  Book  of  Euclid. 

Tbe  examination  questions  in  this  subject  will  generally  be  giren 
BO  as  to  bring  out  as  far  as  possible  the  candidate's  knowledge  of 
the  principles  of  geometry.  They  will  not  be  set  in  the  form  of 
Euchd,  but  wiU  consist  as  far  as  may  be  of  definitions  and  easr 
geometrical  theorems  which  can  be  proved,  and  problems  which 
can  be  solved  bv  the  application  of  the  well-known  properties  of 
triangles,  &c.  Anv  solution,  whether  in  the  words  &t  Boelid  or 
not,  which  shows  tnat  the  candidate  possesses  an  accurate  method 
of  geometrical  reasoning  will  be  accepted.  Candidates  Awdd 
endeavour  to  draw  good  figures,  and  should  as  much  as  possible 
keep  the  demonstration  on  the  same  page  with  the  fignre. 

3.  ii2^e6ra.— Definitions.  Simple  rules.  Greatest  common  measure 
and  least  common  multiple.  Integer  Indices.  Fractions  and 
Reductions.   Simple  equations  and  problems  producing  them. 


Second  Staob. 

All  the  preceding  subjects,  with  these  additions  : — 

1.  Geometry, — ^The  relations  of  rectangles  and  squares  to  one  another, 

and  the  properties  of  the  circle,  as  far  as  they  are  treated  in  the  3nd 
and  3rd  books  of  Euclid. 

As  before  defined,  answers  to  questions  on  this  part  of  GeometiT 
may  be  given  on  any  system  which  the  student  may  have  followed^ 
provided  the  reasoning  be  clear  and  accurate. 

2.  Algebra, — Quadratic  equations  and  problems  producing  them.  Invo- 

lution and  Evolution.   Ratio.  Proportion. 

3.  Plane  Trigonometry, — Definitions.    Modes  of  measuring  angles,  by 

degrees,  grades,  and  circular  measure.  Thegoniometric  functions, 
and  the  conversion  of  one  into  another.  The  meaning  of  contra- 
riety of  signs  in  trigonometry.  Tracing  of  the  goniometric  functions 
in  magnitude  and  algebraic  sign  through  the  four  quadrants 
and  when  an  angle  is  indefinitely  increased.  The  arithmetical 
values  of  the  goniometric  functions  of  30°,  45°,  60°,  75°,  90°,  See, 
Formuke  for  multiplication  and  division  of  angles :  sine,  cosine, 

tangent,  &c.,  of  {A±B),  2A,  SA,  ^-,and^.   Also  of  A  and  fl  in 

terms  of  smea  and  cosmes  of  -g—  and    g  ' 

Loaariihms, — Definition.  Multiplication,  Division,  Involution 
and  Evolution  by  logs.  The  use  of  logarithmic  tables.  TMm  of 
proportional  parts  for  numbers  and  anglea. 

IWoiwiM.— FormulsB  for  cosine  of  an  angle  of  a  triangle  in  terms 
of  Its  sides.  The  relation  between  sines  of  angles  and  &a  opposite 
aides ;  aine,  oosinc^  tangent^  &c.,  of  half  an  angle  of  a  triangle  in 
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tenns  of  aides,  and  of  the  sine  of  an  angle.  Area  of  a  triangle.' 
Solution  of  triangles.  Heights  and  distances  of  inaccessible 
objects. 


Third  Stags. 

All  the  preceding  subjects,  with  these  additions : — 

1.  Aigebra.  —  Permutations  and  Combinations.    Progressions.  The 

Binomial  theorem.  Complete  theory  of  indices,  llie  Binomial 
theorem  with  any  index.  The  multinomial  and  exponential 
theorems.  Logarithms  and  logarithmic  series,  and  construction  of 
tables  of  logarithms. 

2.  PUme  Tngimometry. 

Diameters  of  circles  inscribed  in  and  circumscribed  about  a 
given  triangle.  Areas  of  regular  polygons  inscribed  in  and  cir- 
cumscribed about  a  given  circle.  Area  of  a  circle.  Description 
and  use  of  vernier  and  theodolite  and  sextant.  Demoivre's 
theorem  for  an  integral  positive  index.  Expressions  for  sine, 
cosine,  and  tangent  of  an  angle  in  terms  of  the  angle.  The  expo- 
nential expressions  for  the  sine,  cosine,  and  tangent  of  an  angle, 
and  resulting  series.  Solution  of  quadratic  and  cubic  equations 
by  trigonometry. 

Or  a  student  may,  in  place  of  the  preceding  trigonometry ,  take 
up  the  elements  of  spherical  trigonometry.  Questions  will  be  given 
in  both  subjects,  out  in  this  stage  the  student  will  not  be  required  to 
answer  questions  in  both  to  obtain  full  marks: 

3.  Spherical  TVigonametry, 

Definitions  of  great  and  small  circles,  angles,  and  sides  of 
spherical  triangles.  Relations  between  the  angles  and  sides  of 
supplemental  triangles.  The  fundamental  relations  between  the 
trigonometrical  ratios  of  the  angles  and  sides  of  every  spherical 
triangle.  Solution  of  right-angled,  quadrantal,  and  other  sphe- 
rical triangles.  The  analogies  of  Napier  and  the  formulae  of 
Gauss. 


UONO0B8. 

In  the  subjects  of  the  three  preceding  stages  of  elementary  mathematics 
the  principal  theorems  and  their  applications  are  indicated.  A  well 
prepared  student  will  know  of  extensions  of  these  theorems,  and  their 
employment  in  the  solution  of  problems :  to  enable  him  to  show  enlarged 
reading  there  will  be  set  on  the  same  evening  a  paper  headed.  Examina- 
tion for  Honours. 

The  subjects  being  the  same,  there  will  be  proposed  in  this  paper  ques- 
tions which  will  be  chiefly  problems  or  theorems  of  the  more  difficult 
Idnd  in  each  part.  In  algebra,  the  examples  given  will  require  niore 
fsmiliarity  with  idgebraic  transformations  and  indttde  the  doctrine 
of  infinite  series  with  extended  use  of  the  binomial  and  its  depen- 
dent theorems.  Indeterminate  equations.  Method  of  indeterminate 
coeffidents.  Continued  fractions.  Series.  Properties  of  numbers. 
In  geonMtry,  the  questions  will  chiefly  be  problems,  or  may  require  the 
aid  of  trigonometry  as  well  as  pure  geometey  for  theur  complete  answer : 
in  trigonometry,  besides  questions  which  will  exercise  the  student's 
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ingenuity  and  test  his  ftmiliarity  with  principles,  the  subject  of  angles 
greater  than  two  right  angles,  and  the  relations  between  trigonometric 
ratios  and  all  the  angles  which  they  indicate,  will  be  included ;  trigono- 
metric eliminations  and  transformations  and  the  application  of  algebra 
to  geometry  must  be  fomiliar.  Trigonometric  series  and  expansions. 
Construction  of  the  Trigonometric  Tables.  Formulae  of  Verification. 
Fft>portional  parts,  and  the  calculation  of  logarithms  of  trigonometric 
ratios  by  series.  The  properties  of  regular  polyhedrons  treated  by  sphe- 
rical trigonometry.  (Analytical  geometry  or  the  equations  of  the  line 
and  circle  will  not  be  required,  but  chiefly  the  algebraic  representation 
of  geometrical  ratios.) 

Text  Books. 

The  books  in  which  elementary  mathematics  may  be  studied  an  too 
numerous  to  be  mentioned,  but  as  specimens  of  good  and  trustworthy 
treatises,  which  may  be  used  with  advantage  by  candidates  who  have 
little  or  no  assistance,  the  following  works  by  Mr.  Todhunter  may  be 
recommended : — 

Algebra  for  Beginmers,  18mo.,  2s.  &d. 

(London,  Macmillan,  new  ed.,  1867.) 
Algebra  for  the  use  (f  Colleges  and  Schools,  8vo.,  6d. 

(London,  Macxxdllan,  4th  ed.,  1866.) 
Trigonometry  for  Beginners,  18mo.,  25.  6d, 

(London,  Macmillan,  1866.) 

Elements  of  Euclid,  18mo.,  3s.  6d. 

(London,  Macmillan,  new  ed.,  1864.) 
Plane  Drigonometrg.  8vo.,  55.  (London,  Macmillan,  2nd  ed.,  1861.) 
Spherical  Trigonometry.   8vo.,  4s,  &d, 

(London,  Macmillan,  2nd  ed.,  1863.) 

More  advanced  students  may  study  with  advantage : — 
Wood's  Elements  of  Algebra,  by  T.  Lund,  8vo.,  12*.  6rf. 

(London,  Longman,  new  ed.,  1861.) 

which  contains  an  abimdant  supply  of  examples  in  Algebra. 
Also, — 

Arithmetic  and  Algebra,  by  Barnard  Smith,  8vo.,  IO5.  6d. 

(London,  Macmillan,  7th  ed.,  1860.) 

may  be  found  useful. 

Fourth  Stags. 

Plane  Geometry, — Ratio  and  proportion.  The  similitude  of  figures. 
Proportional  division  of  straight  lines.  The  inscription  of  regular 
polygons  in  circles. 

N.B.— A  knowledge  of  the  4th  and  6th  Books  of  Euclid's 
Elements,  supplemented  by  clear  notions  of  the  ratio  and  pro- 
portionality of  commensurable,  as  well  as  of  incommensurable 
magnitudes,  will  suffice.  Correct  demonstrations,  however,  derived 
from  any  other  source  will  be  accepted. 

Solid  Geometry, — ^The  properties  of  straight  lines  and  planes ;  their 
intersectir»n8,  inclinations,  parallelism,  perpendicularity,  &c. 

Trihedral  and  pol;jrhedrai  angles.  Prisms^  p^rnmids,  and  poly* 
hedrons;  their  definitions,  plane  sections,  similitude,  &c. ;  their 
quadrature  and  cubature. 

Elementary  properties  of  the  sphere,  and  of  cylinders  and  cones 
with  circular  bases ;  their  plane  sections,  tangent  planes,  suiiaces, 
and  volumes. 
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Descriptive  Geometry, — RepresentatioD  of  points,  straight  lines,  and 
planes,  by  projections  and  traces  on  two  orthogonal  planes.  The 
use  of  auxiliary  projections  and  rabatments.  Graphic  solutions  of 
problems  concerning  straight  lines  and  planes;  their  intersectioiis, 
mclinations,  &c.   F^blems  on  trihedral  angles. 

Otometrical  Conies, — Properties  of  the  parabola,  elUpse,  and  hyperbola 
deduced  by  pure  geometry  from  defiuiitions  t»  piano. 

Fifth  Stage. 

The  preceding  subjects  of  the  fourth  stage,  together  with  the 
following : — 

Detcriptwe  Qeometty, — Problems  concerning  spheres,  cylinders,  cones, 
and  simpler  surfaces  of  revolution ;  their  intersections  bv  straight 
lines,  by  planes,  and  by  one  another ;  their  tangent  planes  and 
normals,  &c. 

Spkerieal  Trigonometry. — Definitions.  Great  and  small  circles.  Angles 
and  sides  of  spherical  triangles.  Relations  between  the  angles  and 
sides  of  supplemental  triangles.  The  fundamental  relations  between 
the  trigonometrical  ratios  of  the  angles  and  sides  of  every  sphericsl 
triangle.  Solution  of  jight-angled,  quadrantal,  and  other  spherical 
triangles,  llie  radii  of  their  in-  and  circumscribed  circles.  The 
analogies  of  Napier  and  the  formula  of  Gauss. 

Co-ordinate  Geometry. — Rectangular,  oblique,  and  polar  co-ordinates  of 
a  point,  and  transformations  from  one  system  of  such  co-ordinates 
to  another. 

Equations  of  straight  lines,  and  the  treatment  of  questions 
relative  to  their  intersection,  concurrence,  inclination,  parallelism, 
perpendicularity,  &c. 

Equations  of  circles,  their  tangents,  and  normals.  Elementary 
properties  of  poles  and  polars  relative  to  the  circle.  Questions 
concerning  the  intersection  of  circles,  and  the  determination  of 
circles  which  satisfy  given  conditions. 

The  simpler  forms  of  the  eouations  of  the  parabola,  ellipse, 
and  hyperbola,  as  determined  nrom  various  definitions  of  those 
curves.  The  equations  of  their  tangents  and  normals.  The  prin- 
cipal properties  of  their  diameters,  axes,  foci,  conjugate  diameters, 
asymptotes,  poles,  and  polars. 

Discussion  of  the  general  equation  of  the  second  degree  referred 
to  oblique  or  to  rectangular  co-ordinate  axes. 
Co-ordinate  Geometry  of  three  Dimensions, — Co-ordinates  of  a  point 
referred  to  oblique  or  to  rectangular  co-ordinate  axes.  Direction- 
angles  of  straight  lines.  Inclination  of  two  straight  lines.  Locus  of 
points  whose  co-ordinates  satisfy  a  given  equation,  or  two  given 
equations.  Equations  of  planes  and  of  straight  lines.  Determina- 
tion of  their  inclinations,  and  of  the  conditions  of  their  parallelism 
and  perpendicularity.  Treatment  of  questions  concerning  straight 
lines  and  planes. 

Honours. 

In  the  examination  for  honours,  questions  will  be  proposed  whose 
treatment  requires  a  more  extended  knowledge  of  thefbiegoing  subjects, 
and  an  acquaintance  with  more  general  me&ods  of  investigation.  In 
pure  geometry,  for  instance,  some  knowledge  of  harmonic,  as  well  as  of 
anharmonio  ratios,  of  the  generation  of  oonics  b^  homographio  rows  of 
points  and  pendls  of  lines,  and  of  the  descriptive  properties  of  these 
curves  as  thus  deduced  wUI  be  desirable.   In  co-ordinate  geometry. 
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agam,  oppoHonitiet  will  be  given  of  exhiliitmg-a  lmo>iHedge  ci  the  uae 
of  abridged  methods  of  notBtion,  of  bomogeneoua  point-co-oidinfttesend 
linc-co-^dinateSy  and  of  the  modes  of  investigating  thereby  some  of  the 
SBiipiler  properties  and  singularities  of  higher  plane  curves. 

In  co-orainate  geometry  of  three  dimensions  a  knowledge  of  the 
classification  and  fundamental  properties  of  surfsces  of  the  second 
order  will  be  demanded. 


Text  Books. 

Amongst  the  works  on  the  subjects  of  the  4th  and  5th  stages 
which  may  be  read  with  advantage,  the  following  may  be  dted: — 
Pr.  Woolley's  Elements  of  Descriptive  Geometry;  Todhnnter's  Spherical 
Trigonometry;  Geometrical  Comes  bv  Drew,  Taylor,  or  Besant;  Dr. 
Salmon^s  Treatises  on  Conies  and  on  Higher  Plane  Corves ;  Townsend's 
or  Mulcahy's  Modem  Geometry;  Frost  and  Wolstenholme's  Solid 
Geometry. 

Sixth  Stage. 

Difereniial  Calculus, — Definitions.  Limits.  Differential  coeffidents. 
Differentiation  of  simple  fiinctions,  of  inverse  functions.  Successive 
differentiation  of  functions^  of  one  variable.  Taylor's  and  Mac- 
laurin's  Theorems  and  their  simpler  applications.  Determinatioa 
of  values  of  functions  when  indetmiinate  in  form.  Diffierentaation 
of  a  function  of  a  function  and  of  implicit  functions.  Maxima  and 
minima  of  functions  of  one  independent  variable. 

Applications  of  the  preceding  to  the  geometrv  of  plane  curves 
referred  to  rectangular  or  to  polar  co-ordinates.  Tangents,  normals, 
snb-tangents,  sub-normals,  asymptotes.  Multiple  and  singular 
points.  Contact  and  curvature.  Tkucing  of  curves.  Differential 
coefficients  of  arcs  and  areas  of  plane  curves,  and  of  tiie  surfiKxs 
and  volumes  of  solids  of  revolution. 

hst^al  CaleuluM, — Meaning  of  definite  and  indefinite  integration. 
Integration  of  iha  more  frequently  occurring  functions.  Integra- 
tion oy  parts.    Rational  fractions.    Formulas  of  reduction. 

Applications  to  the  rectification  and  quadrature  of  plane  curves 
referred  to  rectangular  and  polar  oo-orainates,  as  well  as  to  the 
quadrature  of  sur&ces  of  revolution. 


Seventh  Stage. 

piferential  Calculus, — In  addition  to  the  8ul:Qect8  of  the  sixth  stage 
the  following : — Differentiation  of  functions  of  two  or  more  inde- 
pendent  variables.  Lagrange's  and  Laplace's  Theorems.  Qiange 
of  independent  variables.  Expansion  of  functions  of  more  than 
'  one  independent  variable.  Maxima  and  minima  of  such  functions. 
Elimination  of  fiinctions. 

Geometrical  applications  of  the  calculus.  Involutes  and  evolutes 
of  plane  curves.  Envelopes  of  curves  and  surfaces.  Tangent  planes 
ana  normals  to  surf&oes.  Tangents  and  normal  planes  to  curves 
of  double  curvature.  Differential  coefficients  of  the  arcs  of  such 
curves,  as  well  as  of  the  surftboes  and  volumes  of  solids. 

Integral  Calculus, — Double  and  triple  integrals.  Applications  of  the 
calculus  to  the  quadrature  of  curved  sur^sces  and  tiie  cubature  of 
solids.  Change  of  variables  in  a  multiple  integraL  Definite  intfr* 
grals;  their  differentiation  and  simpler  prop^es.  Definitions 
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and  elementaiy  properties  of  elliptic  integrals  and  elfiptic  funeti<»is. 
Euleiian  inte^jrals.   Gamma  fiinctions. 

Differential  Equations. — ^Tbeir  nature,  origin,  and  classificatioD.  Inte- 
grable  forms  of  differential  equations  of  first  order  and  de^^ree. 
lnte|prating  factors.  Biccati's  equation.  The  methods  of  mte- 
gratmg  differential  equations  of  mst  order,  hut  not  of  first  degree. 
Linear  diflierential  equations.  Integration  of  them  hj  arnnbolical 
methods  when  the  coefficients  are  constant.  Singular  solutions  of 
differentiid  equations.  Ordinary  differential  equations  wHh  more 
than  two  variahles.  Simultaneous  differential  equations.  Tlie 
nature  and  origin  of  partial  diffierential  equations.  Integration  of 
the  simpler  forms. 

Geometrical  applications  to  the  theory'of  curved  surfaces. 

Caieulmt  of^  Finite  Diferenees, — Nature  and  ohject  of  the  calculus. 
Definitions  of  its  symbols  and  terminology.  Differences  of  elemen* 
tary  functions.  Expansion  by  factorials.  Meaning  of  generating 
functions.  Relations  between  successive  values  and  differences. 
Differences  of  zero.  Meaning  of  integration.  Easy  applications  of 
the  calculus  to  interpolation  and  the  summation  of  series. 


In  the  examinations  for  Honours,  the  range  of  subjects  will  be  alm^t 
the  same ;  but  the  questions  proposed  will  be  of  a  higher  order  of  diffi- 


The  following  works  may  be  read  with  advantage 

Dr.  Salmon's  Higher  Algebra,  Higher  Plane  Curves,  and  Analytic 
Geometry  of  three  Dimensions. 

Boole's  Treatises  on  Differential  Equations  and  on  Finite  Differences. 

Todhunter's  Treatises  on  the  Differential,  and  on  the  Integral 
Oalcultts. 

CoIcm/  Differeniiel  et  Integral^  psr  Lerret. 

Traits  du  Calcul  Differeniiel  et  Integral,  par  Bertrand. 


SUBJECT  VI.^THEORETICAL  MECHANICS. 

First  Stags  or  Elbmbntary  Coursb. 

The  student  who  takes  up  this  course  is  expected  to  give  clear  and 
full  statements  of  the  principles  of  the  science,  and  to  show  that  he 
understands  them  bv  answering  easv  questions  on  their  applications. 
Tliese  questions  will  not  demand  for  their  solution  a  knowledge  of 
mathematics  beyond  the  dements  of  algebra,  mensuration,  and  geo- 
metrical constructions  by  scales  and  compasses.  The  fonnalpro^of 
iheorems  will  not  be  required  except  in  the  cases  specified  below : — 


(1.)  The  composition  and  resolution  of  forces  and  the  conditions  of  their 
equilibrium,  viz.,  the  parallelogram,  triangle,  and  polygon  of 
forces.    Parallel  forces.   The  principle  of  moments. 

(2.)  Physiod  properties  of  solids ;  hardness,  elasticity,  tenacity. 


Honours. 


Tbxt  Books. 


A,— Statics. 
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(3.)  Centre  of  gravity.  Its  position  in  the  case  of  a  straight  line,  panl- 
lelogram,  circle,  triangle,  sphere,  pTramid,  and  cone,  of  umform 
density ;  and  in  the  case  of  several  heavy  points. 

(4.)  Reaction  of  a  fixed  point  or  fulcrum.  Equihfariuni  of  a  body 
capable  of  turning  round  a  fixed  point ;  levers ;  the  balance,  and 
its  sensibility ;  the  steel-yard. 

(6.)  T^nsmission  of  force  thrcmgh  a  rigid  bod^  and  along  a  perflectly 
flexible  thread.  The  single  puUey.  Simpler  combinations  of 
pulleys. 

(6.)  Rnction  of  smooth  and  rough  sui&ces ;  the  limiting  angle  of  re- 
sistance, or  angle  of  repose ;  the  coefficient  of  friction ;  the  laws 
of  friction. 

(7.)  Conditions  of  equilibrium  of  a  bodv  resting  under  the  action  of 
forces  on  a  plane  whether  smooth  or  rough,  horisontal  or  in- 
clined; equihbrium  of  a  wall  sustaining  an  oblique  thrust; 
buttresses. 

^8.)  Stable  and  unstable  equilibrium. 

<9.)  Unit  of  work,  and  horse  power ;  simple  questions  as  to  the  working 
power  of  agents;  the  modulus  of  a  machine. 

B. — Dynamics, 

(10.)  Measure  of  time,  distance  and  velocity— uniform  or  variable.  Hie 
acoelerative  effect  of  a  constant  force,  and  particularly  that  of 
gravity.  Relations  between  space,  velocity  and  time  in  the  case 
of  the  rectilinear  motion  of  bodies  whose  velocities  are  uuifonnly 
accelerated.    Composition  of  velocities. 

(11.)  Definitions  of  mass,  momentum,  moving  force  and  of  vis  viva» 
energy  or  accumulated  work.  The  laws  of  motion.  The  abso- 
lute unit  of  force. 

{12.)  Rectilinear  motion  of  a  body  und^  the  action  of  given  forces ; 
Atwood*8  machine ;  motion  on  an  inclined  plane,  and  in  a  cirdei 
centrifugal  force ;  time  of  small  oscillation  of  a  simple  pendulum. 
Centre  of  oscillation  of  an  oscillating  body. 

(13.)  Impulsive  forces ;  velocity  after  direct  impact  of  spheres;  trans- 
formation (or  loss)  of  accumulated  work  in  collision. 

C. — Hydrostatics  and  Pneumatics. 

(14.)  Law  of  transmission  of  pressure  through  a  fluid ;  pressure  of  a  fluid 
against  a  plane  area ;  the  centre  of  pressure ;  equilibrium  of  a 
reservoir  wall. 

(15.)  IVessure  of  a  fluid  on  a  body  wholly  or  psrtly  immersed.  Spedflc 
gravitjr  of  a  solid  or  liquid ;  and  the  simpler  cases  of  its  deter- 
mination. Conditions  of  equilibrium  of  a  floating  body.  Tlie 
metacentre.   Conditions  of  stability  of  a  floating  body. 

(16.)  Experiments  which  show  that  air  is  an  elastic  fluid;  the  Magdeboig 
hemispheres ;  the  dstem  barometer ;  Boyle's  experiment.  Rd»- 
tion  between  pressure,  temperature,  and  volume  of  a  gas. 

(17.)  Well  known  machines  and  the  principles  of  their  construction;  tiie 
hydraulic  press;  the  specific  gravity  balance;  the  hvdrometer; 
Nicholson's  hydrometer ;  the  specific  gravity  bottie;  tne  otdinaiy 
suction  and  forcing  pumps ;  the  syphon ;  the  air  pump. 

The  student  should  be  able,  if  required,  to  prove : — 
(a.)  The  rule  for  determining  the  magmtvde  of  the  resultant  of  two 
intersecting  forces^  assuming  the  rule  for  its  direction. 
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(6.)  The  rale  for  determining  the  resultant  of  two  paraUel  forces. 

(c.)  That  the  sum  of  the  moments  of  two  intersecting  forces  with  refer- 
ence to  any  point  in  their  plane,  equals  the  moment  of  their 
resultant  with  respect  to  the  same  point. 

(d,)  The  rule  for  finding  the  centre  of  gravity  of  a  triangle. 

(«.)  The  fonnulsB  for  uniformly  acclerated  rectilinear  motion,  viz. 
v  =  Y+ft.      s^Vt  +  ifi'.      r»  =  V»  +  2/r. 

(/.)  The  formula  for  the  vis  viva  of,  or  work  accumulated  in  a  moving^ 

body,  \iz.f  J  mv-  or  -g- . 

(g,)  That  the  pressure  of  a  fluid  on  a  body  wholly  or  partly  immersed 
equals  the  weight  of  the  fluid  displaced,  and  acts  vertically 
upward  throuffh  the  centre  of  gravity  of  the  immersed  part  of  the 
body  supposed  of  uniform  density. 


Sbcond  Stags  or  Advanced  Course. 

The  student  who  takes  up  the  second  or  advanced  course  is  expected 
to  be  able  to  prove  the  fundamental  theorems  of  mechanics,  so  far  as 
the  subject  is  included  in  the  elementary  course,  and  to  work  aomewhat 
harder  examples ;  thus  : — In  the  elementary  examination  he  might  be 
asked  to  explain  what  is  meant  by  "  cenlaifugal  force/'  and  to  work  an 

tuv^ 

easy  escample  on  the  formula  F  =  —  ;  in  the  advanced  examination  he 

might  be  asked  to  prove  this  formula  as  well  as  to  work  a  fiomewhat 
haraer  example.  He  is  also  expected  to  understand  certain  parts  of 
the  subject  not  included  in  the  elementary  course,  viz. : — 

(1.)  Properties  of  statical  couples,  and  proof  and.  applications  of  the 
equations  of  equilibrium  of  forces  acting  in  one  plane. 

(2.)  Conditions  of  equilibrium  of  simple  machines  when  the  friction  of 
the  parts  is  taken  into  account.  Inclined  plane,  wedge,  screw^ 
pulleys,  bodies  capable  of  turning  round  an  axle  of  finite  radius. 

(3.)  The  principle  of  virtual  velocities  and  its  application  to  machines 
in  a  state  of  uniform  motion.  Dynamometers. 

(4.)  Motion  on  rough  inclined  and  horizontal  planes.  Motion  of  pro- 
jectiles. 

(5.)  Moment  of  inertia.  Effective  forces.  D'Alembert's  principle. 
Resultant  of  effective  forces  and  work  accumulated  in  the  case  of 
a  body  turning  round  a  fixed  line.  The  fly  wheel.  The  com* 
pound  pendulum. 

(6.)  Oblique  impact.    Centre  of  percussion.   The  ballistic  pendulum. 

(7.)  Calculation  of  heights  by  barometer.   The  aneroid  barometer. 

id.)  Motion  of  fluids  through  orifices,  pipes,  and  open  channels. 
9.)  Capillary  attraction. 


Examination  roa  Honours. 

Hie  detaOs  of  the  course  for  this  examination  need  not  be  specified, 
but  it  must  be  understood  that  the  atudent  should  be  prcsMuredto  answer 
Questions  on  every  branch  of  the  subject  as  usually  taught  in  the  higher 
classes  in  colleges.  In  addition  to  the  careful  studv  of  the  usual  text* 
books,  such  asTodhunter's  Analytical  Statics,  Routn's  or  Griffin's  Bigid 
DynamicSy  Besant*s  or  Miller's  Hydrostatics,  the  student  will  find  it  very 
useful  to  study  some  work  in  which  the  subject  is  treated  from  a  some- 
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what  leas  ezdusivelj  mathematical  point  of  view,  such  as  the  fint  19 
chapters  of  J  amia's  Cours  de  Physique,  Morin'a  Notions  fondamentales  de 
Micaniauet  the  first  division  of  Thomson  and  Tait's  Natural  Philo- 
sophy, &c.  The  applications  of  abstract  mechanics  to  ouestions  of 
construction,  &c.  can  be  studied  in  Moseley's  Mechanical  Princ^les  of 
Engineering  and  Architecture,  and  in  Rankine's  Applied  Mechanics,  ft 
cannot  be  too  strongly  impressed  on  the  student's  attention  that  die 
study  of  the  higher  branches  of  mechanics  can  only  be  attempted  wi^ 
profit  when  it  is  preceded  by  a  thorough  knowledge  of  the  elements ;  of 
ao  much,  for  instance,  as  is  comprised  in  the  first  and  second  courses. 


TsxT  Books. 

As  text  books  for  the  elementary  and  advanced  courses  the  following 
may  be  mentioned : — 

(a).  For  Statics  and  Dynamics : 
Mechanics  for  Beginners,  by  I.  Todhunter,  l8mo.,  4s.  6d, 

i London,  Macmillan,  1867.) 
oodwin,  12mo.,  6s. 
(London,  Bell  and  Daldy.) 
Elementary  Introduction  to  Practical  Mechanics,  by  J.  F.  Twisden, 
8vo.,  lOs,  6d.  (I^ndon,  Longman.) 

(ft).  For  Hydrostatics  and  Pneumatics  : — 
Manual  of  Hydrostatics,  by  J.  A.  Galbndth  and  S.  Haughion,  I21110.9 
2s,  (London,  Longman.) 

Elementary  Hydrostatics,hj  W,  H.  Besant,  12mo.,  4s, 

(London,  Bell  and  Daldy.) 

It  will,  of  course,  be  understood  that  the  student  will  in  most  cases 
find  it  best  to  master  one  text  book  in  each  subject,  and  then,  if  he  find 
it  necessar]^,  refer  to  others  for  information  on  particular  points.  He 
trill  find  it  instructive  to  read  attentively  the  parts  of  either  of  the  follow- 
ing books  which  treat  of  the  present  subject : — 

An  Introduction  to  the  study  of  Natural  Philosophy,  by  C.  Bfooke, 
12mo.,  I2s,  6d,  (London,  Churchill.) 

Ganot's  Experimental  and  Applied  Physics,  translated  by  £.  Atkinson, 
8vo.,  \6s.  (London,  Longman,  3rd  ed.,  186S.) 

For  the  course  for  the  honour  examination  the  following  works  wmj 
be  mentioned : — 

Analytical  Statics  with  numerous  examples,  by  I.  Todhunter,  8to., 
\0s.  6d.  (London,  Macmillan,  drd  ed.,  1866.) 

Dynamics  of  a  System  of  Rigid  Bodies,  by  £.  J.  Bouth,  8vo.,  IQt.  61L 

(London,  Macmillan,  1860.) 
Treatise  on  the  Motion  qfa  Rigid  Body,  by  W.  N.  Grifi^,  8vo.,6s.6iL 

(London,  Parker  and  Son,  1817.) 
Treatise  on  Hydro  Mechanics,  by  W.  H.  Besant,  8vo.,  10«.  6d, 

(London,  Bell  and  Daldv,  2nd  ed.,  1868.) 
Elements  of  Hydrostatics  and  Hydrodynamics,  by  W.  H.  MiU^,  8yo., 
6s.  (Cambridge,  Deighton,  4th  ed.,  18S0.) 

The  student's  attention  will  in  the  first  place  be  mainly  directed  to 
the  above  text  books,  but  it  will  be  a  ffMt  advantage  to  him  to  he 
able  to  consult  some  or  all  of  the  followmg  works,  and  to  study  puia 
of  them,  viz. : — 

Lectures  on  Natural  Philosophy,  by  Thomas  Yoong. 
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Cours  de  Physique  de  VEcoh  Polytechnique,  par  J.  Jamin,  3  vols.' 

8vo.*  1/.  8«.  6d.  (Paris,  MaUet-Bachelier,  2nd  ed.) 

Treatise  on  Natural  Philosophy,  by  W.  Thompson  and  P.  G.  Taiti 

Vol,  I.,  8vo.,  24*.  (Oxford.) 
PoinsoCs  EUment  de  Statique,  8vo.,  1  vol. 
Poissou  TVaii^  de  M^canique,  8yo.,  2  vols. 
Poucelet,  Infroduetion  it  la  M^hanical  IndustrieUe,  8vo.,  1  vol. 
Notions  fondatnentales  de  M^canique  et  donnas  d^exp&ience,  par 

A.  M<mn,  5  plates,  8vo.  (Paris,  Hachette,  1860.) 

Mechanical  Principles  of  Engineering  and  Architecture,  by  H.  Moseley, 

8yo.,  24s,  (Tendon,  Longman.) 

Manual  of  Applied  Mechanics,  by  W.  J.  M.  Rankine,  125.  Sd. 

(London,  Griffin.) 

Colleetion  qf  Problems  in  iUustration  of  the  Principles  of  Theoretical 
Mechanics,  by  W.  Watton,  8vo.  (Cambridge.) 


SUBJECT  VII.— MECHANICS  AS  AN  ART  OR  APPLIED 
MECHANICS. 

NoTB. — The  Steam  Engine  is  treated  as  a  special  subject, 
{See  Subfect  XXIL) 

The  subject  of  applied  mechanics  is  here  assumed  to  be  the  application 
of  mechanical  philosophy  by  the  aid  of  mechanical  art.  That  there  are 
certain  mechanical  principles  eTisting  in  nature  which  are  turned  to 
piaetical  account  by  means  of  differently  constructed  mechanical  con- 
trivances in  order  to  accomplish  a  definite  object. 

This  subject  therefore  embraces,  first,  the  natural  laws  or  principles 
that  have  to  be  applied,  and  secondly,  the  means  employed  for  tneir 
application.  The  mechanical  means  or  appliances  that  are  thus  employed 
cover  a  wide  field,  and  in  the  most  limited  sense  indude  the  nature  and 
diief  characteristics  of  the  materials  that  are  used  in  mechanicid  opera- 
tions to  be  fiishioned  into  the  required  forms.  The  arranging  and 
combining  of  these  forms  into  a  structure,  in  such  a  manner  that 
on  the  application  of  force'  certain  definite  results  win  be  obtained 
thereby. 

From  the  foregoing  definition  it  will  be  seen  that  applied  mechanics 
has  a  two-fold  character,  a  mechanical  arif  and  scientific  principles.  The 
first  is  chiefly  founded  on  a  long  accumulation  of  facts  originating  in 
the  workshop ;  this  practical  part  will  be  found  the  most  difficult  to 
teach,  because  few  books  have  been  written  on  the  subject,  and  there  is 
no  book  which  treats  the  subject  as  a  whole.  On  the  saentific  principles 
there  are  many  books,  but  the  greater  number  are  too  mathematical  for 
the  class  of  elementaiy  students  at  the  present  time.  If  such  books 
however  are  studied  by  the  teachers,  they  will  be  able  to  explain  the 
nature  of  the  laws  upon  which  facts  depend.  The  teachers  are  recom- 
mended to  read  the  Cantor  Lectures  on  Applied  Mechanics  given  at  the 
Society  of  Arts  in  1869. 

This  syllabus  is  arranged  for  three  daases  of  candidates ;  the  first  is 
dementuy  in  its  character,  and  may  be  considered  as  a  6teppins[- stone 
to  the  second  or  more  advanced  class  ;  it  is  intended  for  the  guidance 
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of  the  first  or  elementarj  class  of  candidates,  who  will  be  expected  to 
have  a  fair  knowledge  of  most  of  the  branches  enumerated,  and  to  be 
able  to  give  a  precise  and  satisfactory  answer  on  any  of  them,  or  to 
make  clear  well-drawn  hand  sketches  where  such  may  be  necessary  for 
explanation. 

The  second  part  is  intended  for  those  in  the  more  advanced  dass,  who 
will  be  expected  to  have  a  thorough  knowledge  of  all  the  subjects  re- 
ferred to  m  the  syllabus  for  the  dementyy  class,  and,  in  addition,  to 
have  a  fair  understanding  of  the  application  of  the  ptinciplea  in  actual 
practice. 

The  third  part  is  intended  for  candidates  coming  forward  for  Honours 
examination,"  who  will  be  expected  to  have  a  complete  knowledge  of 
the  questions  referred  to  in  the  two  former  parts  of  the  syllabus,  and,  in 
addition,  to  have  some  acquaintance  with  the  higher  theoretical  prin- 
ciples that  are  required  for  the  dose  investigation  of  the  fcw^going  or 
more  practical  part  of  the  subject. 

As  the  chief  object  of  these  examinations  is  to  foster  the  education  of 
young  men  for  the  practical  duties  of  life  in  connexion  with  the  engi* 
neering  and  manufacturing  industries  of  the  kmgdom,  it  is  intended 
that  the  examination  in  applied  mechanics  shall  be  in  accordance  there- 
with so  far  as  may  be  practicable. 


First  Stags  or  Elbmentary  Courbb. 

Candidates  for  the  first  course  will  require  to  have  a  fair  knowledge 
of  the  more  common  materials  that  are  employed  in  the  srts,  end  like- 
wise some  acquaintance  with  the  general  pnndples  of  the  procesaes 
by  which  they  are  severally  changed  in  their  condition  and  form,  in 
order  to  adapt  them  for  practical  purposes. 

The  students  should  nave  explained  to  tiiem  tiie  leading  prindples 
that  determine  strength  as  denved  firom  the  form  or  sh^  of  a  beam, 
pillar,  &c. ;  this  will  greatly  facilitate  the  after  teachhig. 

They  should  be  familiar  with  the  several  mechanical  powers,  and  the 
combination  of  these  powers  into  simple  machines. 

They  should  know  the  nature  of  the  various  mechanical  contrivances 
that  have  been  designed  for  changing  the  condition,  direction,  or  rate 
of  motion,  as  well  as  the  means  employed  for  its  regulation  by  fly- 
wheels, governors,  and  such  like.  This  division  will  embrace  toothed 
gear  shafting,  cams,  fast  and  loose  pulUes,  endless  bands,  and  dl  such 
appliances. 

The  dementary  students  ought  to  be  wdl  grounded  in  the  laws 
which  govern  matter  in  motion,  viz.,  force,  energy,  momentum,  &c., 
and  espedally  in  the  nature  of  mechanical  "work,*'  which  {hey  ought 
to  be  aole  to  apply  to  all  the  ordinary  purposes  of  ttK^clmnifflii  operations, 
and  to  work  out  in  arithmetic. 

They  should  know  the  laws  of  friction,  and  be  made  acquainted  with 
the  various  means  that  are  resorted  to  in  order  to  modify  its  efiect  in 
mechanical  apparatus. 


Sbcond  Stags  or  Advancsd  Coursb. 

Candidates  in  the  second  staffe,  or  advanced  course,  should  have  m 
in^'?^  j^??'^^®^^  subjeda  kid  down  fbr  the  elementary  stage, 

wad  m  addition  should  be  wdl  grounded  in  the  strength  of  materids. 
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and  the  reasons  that  detennine  the  selection  of  certain  materials  for  par- 
ticular purposes^  and  have  clearly  pointed  out  to  them  the  respective 
advantages  and  disadvantages  as  due  to  their  several  characteristics. 

They  should  understand  and  be  able  to  describe  all  kinds  of  com- 
mon machinery,  such  as  cranes,  machines  for  weighing,  a  com  mill, 
a  clock,  a  coffee  mill,  or  other  fsmiliar  apparatus. 

The  candidates  shoi^d  have  explained  to  them  the  nature  of  a  flat 
Buxfisce  or  perfect  plane,  likewise  of  a  true  circle,  and  correct  measure- 
ment, and  the  means  by  which  such  conditions  are  obtained. 

They  should  be  acquainted  with  the  natural  laws  that  govern  fluids, 
such  as  air  and  water,  and  the  different  kinds  of  apparatus  that  have 
bjBcn  contrived  in  order  to  apply  those  fluids  to  the  various  purposes  of 
civilization.  This  division  will  include  water-wheels,  turbines,  water 
engines,  hydraulic  apparatus  in  its  various  applications  to  pumping, 
prosing,  cranes,  &c.,  air  blowing,  bellows,  fan,  Roots  blower,  air  com- 
pressing and  exhausting  apparatus,  and  the  usual  operations  to  which 
they  are  severally  applied. 

lliey  should  know  the  general  principles  of  mechanical  construction 
in  the  engineering  workshops,  and  the  operations  in  connexion  there- 
with, both  of  the  foundry  and  smithery ;  likewise  the  principles  upon 
W'hidi  the  various  tools  and  implements  depend  for  their  efficacy. 

lliey  should  have  some  acquaintance  with  the  leading  manufactures  of 
the  country,  such  as  iron  and  steel,  cotton,  paper,  and  printing,  and  be 
able  to  give  a  fair  description  of  the  several  processes,  as  well  as  the 
principles  upon  which  they  depend. 


Examination  for  Honours. 

The  foregoing  syllabus  will  sufBciently  indicate  the  nature  of  subjects 
that  will  form  the  basis  for  the  Examination  in  Honours  in  Applied 
Mechanics.  It  will  be  expected,  however,  that  the  candidate,  in  addition 
to  being  able  to  give  an  intelligent  answer  to  the  various  questions,  and 
to  make  hand  sketches  of  such  parts  as  may  be  required,  shall  be 
thoroughly  grounded  in  the  laws  of  nature,  so  far  as  they  relate  to  the 
philosophical  and  mathematical  principles  on  which  the  various  branches 
of  appbed  mechanics  are  founded,  and  the  candidate  should  not  only  be 
familiar  with  the  formulas,  but  should  be  able  to  refer  back  to  the  data 
from  which  they  are  derived. 


Text  Books. 

The  following  books  may  be  mentioned  for  the  elementary  class : — 

Exercises  on  Mechanics  and  Natural  Philosophy,  by  Thomas  Tate. 

(Longman.) 

Elements  of  Mechanism,  by  T.  Baker,  C.E.  ( Weale's  Series.) 

B^dimentary  and  Elementary  Principles  of  the  Construction  and  of  the 
Working  of  Machinery,  by  C.  D.  Abel,  C.E.         (Weale's  Series.) 

For  the  advanced  class  the  following  books  may  be  mentioned : — 

Elements  of  Mechanism,  by  T.  M.  Goodeve.    New  edition. 

The  Power  of  Water,  by  Joseph  Glynn,  F.R.S.         (VVeale's  Series.) 

Useful  Information  for  Engineers,  by  Sir  W.  Fairbairn,  Bart. 

Mills  and  MUlwork,  by  Sir  W.  Fairbairn,  Bart. 

Oanot's  Elementary  Treatise  on  Physics. 
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For  studenta  for  honours  the  following  : — 

Enquiry  and  Experiments  on  the  Strength  of  Wrought-iron  and  Steel, 

by  D.  Kirkaldy. 
Treatise  on  the  Strength  of  Materials,  by  Peter  Barlow. 
Machinery  and  Milhoork,  by  Professor  Rankine. 


Books  of  reference  for  all  classes  of  students : — 

Turning  and  Mechanical  Manipulation,  by  C.  Holtzapffel. 
Engineer  and  Machinist's  Assistant, 
Useful  Metals  and  their  Alloys, 

Moulder's  and  Founder'* s  Pocket  Guide,  by  F.  Overman. 
On  the  Management  of  Steel,  by  G.  Ede. 


(Blackie.) 
(Houlston.) 


SUBJECT  VUI.— ACOUSTICS,  LIGHT  AND  HEAT. 

First  Stage  or  Elementary  Course. 
Questions  will  be  condned  to  the  following  subjects 
Acottstics. 

The  pupil  ought  to  have  a  perfectly  clear  notion  of  the  manner  in 
which  a  wave  is  propagated. 

He  ought  to  know  what  is  meant  by  the  terms  density  and  elasticity 
as  applied  to  air  and  other  bodies,  and  how  heat  and  cold  affect  the 
density  and  elasticity  of  air. 

He  ought  to  be  able  to  describe  simple  experiments  to  prove  that  air 
possesses  both  weight  and  elasticity.  He  ought  to  undmtand  the  law 
of  Marriotte,  the  construction  and  use  of  the  air  pump,  and  what  oocon 
when  a  sounding  body  is  placed  in  a  space  from  which  the  air  has  been 
withdrawn. 

He  ought  to  be  taught  to  see  the  play  of  elasticity  in  the  pops- 
gation  of  a  sonorous  wave  through  air,  and  to  have  a  clear  mental  unage 
of  the  condensation  and  rarefaction  which  make  up  such  a  wave.  He 
must,  of  course,  be  able  to  distinguish  between  the  motion  of  a  ware 
and  the  motion  of  the  particles  wmch  at  any  moment  form  the  wave. 

He  ought  to  know  how  the  velocity  of  a  wave  is  affected  by  a  change 
of  density,  by  a  change  of  elasticity,  or  by  a  change  of  both. 

He  ought  to  know  the  velocity  of  sound  in  air  of  the  freezing  ton- 
perature,  and  also  the  amount  of  augmentation  of  velodty  tor  eveiy 
degree  of  the  thermometer.  The  temperature  of  the  air  being  given,  he 
ought  to  be  able  to  calculate  the  velodtv  of  sound  through  it,  and  the 
velocity  of  sound  being  given  he  ought  to  be  able  to  calcnlaie  the 
temperature  of  the  air. 

No  doubt  or  confusion  must  rest  within  his  mind  tegaidiiig  the 
meaning  of  the  terms  oeibct/y,  in/enat/y,  and  an^Utude.  He  ought  slao 
to  know  the  relation  of  the  two  last  to  each  other. 
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Ue  ought  to  know  the  laws  of  t^e  reflection  of  sound  hj  tube4  tuid 
mirron,  and  to  be  able  to  apply  his  knowledge  to  the  explanation  of 
echoes. 

The  law  of  inveTse  squares  as  applied  to  sound,  ought  also  to  be 
explained  to  the  pupil. 

He  ought  to  be  able  to  figure  mentallj  the  propagation  of  a  sound- 
wave through  solids  and  liquids  as  clearly  as  through  air;  to  know  the 
velocity  of  sound  through  water,  and  to  be  able  to  infer  fix>m  this  the 
relation  of  the  density  of  the  liquid  to  its  elasticity. 

He  ought  to  know  how  the  velocity  of  sound  through  air  has  been 
determined,  and  to  be  well  exercised  in  the  oilculation  of  distances  by 
means  of  light  and  sound. 

The  pupil  ought  to  know  the  physical  difPei-ence  between  music  and 
noisjB,  and  to  be  able  to  state  the  conditions  on  which  the  pitch  and 
the  intensity  of  musical  sounds  depend.  He  ought  also  tooeaUeto 
describe  various  methods  of  producing  musical  soiuids. 

He  ought  to  have  clear  ideas  of  the  length  of  a  wave,  and  of  the  time 
of  a  vibration.  The  length  of  a  wave  at  a  definite  temperature  being 
gfvea  he  ou^ht  to  be  able  to  calculate  the  time  of  a  vibration,  and  the 
time  of  a  vibration  being  given  he  ought  to  be  able  to  calculate  the 
length  of  the  wave. 

He  ought  to  be  able  to  describe  a  method  of  determining  from  the 
pitch  of  a  sound  the  number  of  vibrations  per  second  which  produce  it. 

He  ought  to  know  the  structure  of  the  drum  of  the  ear,  including  the 
membranes  that  close  it,  and  the  bones  that  cross  it. 

He  ought  to  know  the  laws  of  the  vibration  of  strings,  and  to  under- 
stand the  use  of  sound  boards  in  stringed  instruments. 

He  must  have  a  clear  notion  of  the  formation  of  nodes  upon  a  string, 
by  the  coalescence  of  direct  and  reflected  waves. 

He  ought  also  to  know  the  laws  of  vibration  of  columns  of  air  in  both 
stopped  and  open  pipes.  The  exact  condition  of  the  air  when  the  funda- 
mental notes  of  each  class  of  pipes  is  sounded,  ought  to  be  clearly  present 
in  the  pupil's  mind. 

The  cause  of  beats  in  music  ought  also  to  be  explained  to  the  pupil, 
smd  he  ought  to  know  the  range  of  the  human  ear  for  musical  sounds. 


Light. 

Before  entering  upon  the  subject  of  light,  the  teacher  will  have  been 
csreful  to  make  ms  pupil  perfectly  faxniliar  with  the  conception  of  waves 
of  sound  impinging  upon  the  tympanic  membrane,  and  the  transmission 
of  the  tremor  thus  produced  to  the  auditory  nen'e.  He  need  not  attempt 
to  enter  upon  the  details  of  this  transference  to  the  nerve,  but  up  to  the 
tympanic  membrane,  and  including  it,  the  idea  formed  by  the  pupil  of 
sound  waves  and  their  action  must  oe  perfectly  distinct.  In  all  cases  an 
image  must  exist  corresponding  to  the  teacher's  words. 

He  must  understand  that  the  sensation  of  light  is  caused  by  some- 
thing that  hits  the  optic  nerve.  That  this  something,  whatever  it  be, 
passes  through  the  humours  of  the  eye  to  reach  the  nerve  behind.  The 
conception  of  light  known  as  the  emission  theory  can  afterwards  be 
made  clear  to  the  pupil.  According  to  this  theory  a  ray  of  light  would 
be  a  train  of  these  particles. 
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That  a  ray  of  light  proceeds  in  a  straight  line  must  be  made  known  to 
the  pupil.  In  connection  with  this  point  the  inversion  of  objects  by  xaja 
passing  through  small  apertmres  must  be  explained. 

The  mode  of  determining  the  Telocity  of  Ught  by  the  edipaes  of 
Jupiter's  satellites  must  be  explained  to  the  pupil. 

The  law  of  inverse  squares  must  be  illustrated. 

The  cause  of  shadows  and  penumbrse  must  be  expluned. 

The  mode  of  determining  the  relative  intensities  of  two  lights  by 
means  of  the  "  shadow  test  ''must  be  explained. 

The  reflection  of  light  from  plane  mirrors  must  be  explained. 

The  pupil's  attention  must  be  drawn  to  the  lateral  inversion  of  objects 
by  plane  mirrors.  He  must  know  how  the  distance  of  an  image 
behrad  a  looking  glass  is  affected  by  a  change  of  position  of  the  glass 
in  a  direction  perpendicular  to  its  own  planes. 

The  relation  between  the  angular  velocity  of  a  reflected  ray  and  the 
mirror  that  reflects  it  must  be  explained  to  the  pupil.  The  multiplica- 
tion of  images  by  angular  mirrors  ought  also  to  be  explained,  and  from 
it  the  appearances  of  the  kaleidoscope  rendered  intelligible. 

The  formation  of  images  by  a  concave  spherical  mirror  ought  to  be 
explained  to  the  pupil.  The  axis,  principal  focus,  and  centre  of  the 
mirror  are  to  be  pointed  out.  Beginning  with  a  luminous  point  placed 
beyond  the  centre,  and  upon  the  axis,  the  successive  positions  of  the 
image  of  this  point  during  its  motion  alon^  the  axis  from  a  great 
distance  through  the  cent^  through  the  principal  focus,  up  to  the 
surface  of  the  mirror  itself  must  be  determinable  by  the  pupil.  He  wiH 
then  be  taught  to  determine  the  position  of  the  images  of  points  not 
placed  on  the  axis.  Objects  of  sensible  dimensions,  sudi  as  the  pupil's 
own  body,  roust  then  be  substituted  for  points.  (The  teacher  will  avail 
himself  of  such  simple  apparatus  as  he  can  command  in  the  explanations 
here  referred  to ;  a  silver  spoon,  if  he  possesses  nothing  better,  will  be 
useful.) 

Real  and  virtual  foci  are  to  be  defined. 

The  "  aberration  "  of  a  large  spherical  mirror  must  be  explained. 

The  refraction  of  light  must  be  explained.  By  means  of  a  simple  geo- 
metrical construction  the  meaning  of  the  "  index  of  refittction  "  may  be 
explained  to  the  pupil  without  the  introduction  of  the  term  "sine." 

It  must  be  clearly  explained  that  an  object  looked  at  with  a  single 
eye  appears  more  near  the  ^preater  the  divergence  is  of  the  rays  iriiich 
reach  the  eye  from  the  vanous  points  of  the  object.  From  this  it  will 
be  inferred  that  a  lake  or  river,  the  bottom  of  which  is  visible,  appears 
more  shallow  than  it  really  is. 

Various  simple,  but  instructive  illustrations  of  the  effects  of  refraction 
will  occur  to  the  teacher,  such,  for  example,  as  the  rendering  of  a  coin 
visible  by  pouring  water  into  a  basin,  and  the  apparent  bending  of  a 
straight  stick  thiust  obliquely  into  water. 

The  circumstances  under  which  total  reflection  occurs  must  be  deiily 
explained  to  the  pupil. 

The  power  and  action  of  lenses  must  be  explained ;  the  teacher  will 
define  the  principal  focus  of  a  lens.  As  in  the  case  of  a  spbeiicil 
mirror,  he  will  begin  with  a  luminous  point,  determining  the  position 
and  character  of  its  image,  while  it  moves  from  a  great  distance  up  to 
the  lens  itself.  He  will  pass  from  points  to  objects  of  sensible  dimen- 
sions, and  show  how  the  position  of  the  image  of  eveiy  point  of  snch 
otnect  may  be  determined. 

Here  also  real  and  virtual  foci  are  to  be  explained. 

The  explanation  of  the  magic  kntem  is  then  to  be  introdooed* 
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It  would  add  much  to  the  eflSciency  of  the  instraction  if  the  teacher 
would  illustrate  the  points  here  referred  to  by  common  spectacle  lenses, 
provided  he  has  nothing  better. 

The  pupil  in  the  first  dass  is  also  in  a  condition  to  know  what  is 
meant  oj  the  suherical  aberration  of  a  lens. 

He  must  unaerstand  the  optical  structure  of  the  eye,  be  able  to  give 
a  dear  account  of  the  conditions  of  distinct  vision,  and  of  the  causes 
and  remedies  of  long  and  short  sight. 

He  ought  to  be  acquainted  with  the  fact  that  impressions  persist 
upon  the  retina,  and  t-o  know  what  is  meant  by  irradiation. 

He  ought  to  know  the  principles  of  binocular  vision,  and  to  clearly 
comprehend  how  the  impression  of  solidity  is  produced  by  the 
stereoscope. 

He  ought  to  be  made  acquainted  with  the  composite  character  of 
white  light ;  and  to  be  able  to  describe  an  experiment  by  which  such 
light  may  be  resolved  into  its  coloured  constituents. 

He  ought  to  understand  the  doctrine  of  colours  as  far  as  they  are 
produced  by  absorption. 

And  he  ou^ht  to  understand  the  meaning  of  chromatic  aberration. 

Finally,  it  is  to  be  stated  to  the  pupil  that  according  to  our  best 
knowledge  the  sensation  of  light  is  not  produced  by  the  impact  of  little 
particles  darted  out  from  luminous  boaies ;  but  that  it  is  caused  in  a 
manner  somewhat  similar  to  the  sensation  of  sound,  namely,  by  the 
successive  shocks  of  minute  waves  against  the  retina. 


Heai. 

The  pupil  should  know  the  general  e£Pect  of  heat  upon  the  volumes 
of  bodies,  and  should  be  able  to  describe  experiments  illustrative  of  the 
expansion  of  solids  bv  heat.  He  ought  also  to  have  an  idea  of  the  almost 
irresistible  force  of  this  expansion. 

He  ought  to  understand  \iatb  perfect  clearness  what  is  meant  by  the 
coefficient  of  expansion,  linear,  superficial,  and  cubical. 

He  ought  to  know  by  heart  the  coefficients  of  expansion  of  gold, 
silver,  platinum,  iron,  and  glass ;  and  the  reason  why  it  is  possible  to 
fuse  platinum  wire  into  glass  without  fracture  on  cooling. 

He  ought  to  know  the  principle  of  Breguet's  metallic  thermometer, 
and  to  be  made  acquainted  with  some  of  the  precautions  which  chiuigea 
of  volume  by  heat  and  cold  render  necessary  in  the  arts. 

He  ought  to  be  able  to  describe  and  explain  the  gridiron  pendulum. 

He  must  be  able  to  describe  the  construction  and  explain  the  use 
of  the  mercurial  thermometer ;  the  scales  of  Fahrenheit,  Celsius,  and 
Reaumur  must  be  known  to  him,  and  he  must  be  able  to  convert  im- 
mediately the  readings  of  any  one  of  them  into  those  of  the  other. 

llie  dependence  of  the  boUing  point  of  water  upon  external  pressure 
ought  to  be  known,  and  the  pupil  must  be  able  to  give  illustrations  of 
this  dependence. 

He  ought  to  know  by  heart  the  coeffidents  of  expansion  of  water, 
alcohol,  and  mercury. 

llie  pupil  must  be  well  acquainted  with  what  is  caUed  the  maximm 
density  of  water,  to  state  at  what  temperature  it  occurs,  and  to  point  out 
its  effects  in  nature. 

He  ought  to  be  acquainted  with  the  change  of  volume  which  occurs 
when  water  passes  from  the  liquid  to  the  solid  state,  and  to  apply  his 
knowledge  to  the  bursting  of  water-pipes  in  frosty  weather.  He  ought 
to  be  acquainted  with  the  fiu^t  that  expansion  on  solidification  is  not  a 
property  peculiar  to  water. 
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He  ought  to  be  able  to  describe  experiments  which  shall  iUuBtrate  the 
expansion  of  gases.  The  principle  and  action  of  the  fire-balloon  ought 
to  be  explained  to  the  pupil. 

The  general  principles  of  ventiUtion  ought  also  to  be  known  to  him, 
and  also  the  sun's  action  in  the  generation  of  winds.  He  ought  to  be 
able  to  explain  the  Trade  Winds. 

The  constancy  of  the  coefficient  of  expansion  of  gases  ought  to  be 
pointed  out,  with  the  small  deviations  from  the  general  rule  exhibited 
by  carbonic  and  sulphurous  acids.  The  chemical  and  physical  chancter 
of  these  gases  ought  to  be  known  to  the  pupil. 

He  ought  to  know  the  constitution,  chemical  and  physical,  of  aqueous 
vapour,  and  how  it  is  diffused  in  the  atmosphere.  He  ought  to  know 
the  meaning  of  the  term  saturated  as  applied  to  air  charged  with  vapour. 

The  effect  of  expansion  in  chilling  air  ought  to  be  known  to  the  pupil, 
and  also  the  condensation  of  the  aqueous  vapour  diffused  through  the 
air  in  consequence  of  such  a  chill. 

He  ought  to  be  able  to  see  the  application  of  this  knowledge  to  the 
explanation  of  clouds  and  rain. 

He  ought  to  have  a  perfectly  dear  idea  of  what  is  meant  b^  specific 
heat  or  capacity  for  heat,  and  to  be  able  to  describe  the  calonmeter  of 
Lavoisier  and  Laplace.  He  ought  to  know  by  heart  the  specific  heats  of 
water,  alcohol,  mercury,  iron,  and  lead ;  and  to  be  made  aware  of  the 
influence  which  the  high  specific  heat  of  water  exercises  upon  climate. 

He  ought  also  to  be  intimately  acquainted  with  the  facts  covered  hj 
the  term  latent  heat.  Taking  a  block  of  ice  at  a  temperature  below  the 
freezing  point,  he  ought  to  be  able  to  describe  with  perfect  accuracy  what 
occurs  when  the  temperature  of  the  substance  is  raised  until  it  liquifies, 
boils,  and  is  converted  into  vapour. 

The  latent  heat  of  water,  as  expressed  on  the  Fahrenheit  and  centi- 
grade scales,  ought  to  be  in  the  pupil's  memory. 

The  cold  of  evaporation  and  its  effect  in  freezing  water  in  the  ciyopho- 
rus  ought  to  be  known  to  the  pupil. 

He  ought  to  be  exercised  in  calculations  on  the  changes  of  tempera- 
ture due  to  the  mixture  of  steam  and  water  in  various  proportions. 

The  pupil  ought  to  know  what  is  meant  by  the  conductOm  of  heat,  and 
must  be  aole  clearly  to  distinguish  it  from  the  distribution  of  heat  by 
convection.  He  ought  to  know  by  heart  the  numbers  expressing  the 
relative  conductivity  of  ^old,  silver,  copper,  iron,  and  lead. 

He  ought  to  be  acquainted  with  the  low  power  of  conduction  of  organic 
substances ;  to  know  the  effect  of  mechanical  texture  on  the  transmission 
of  heat,  and  to  explain  the  function  of  clothes  in  preserving  the  body 
from  cold. 

He  ought  to  be  acquainted  with  the  character  and  phenomena  of 
combustion ;  to  be  able  to  explain  the  chemical  actions  which  occur  in 
the  combustion  of  coal  and  of  ordinary  gas,  and  to  explain  the  manner 
in  which  a  candle  flame  receives  its  supply  of  combustible  matter. 

The  combustion  of  the  diamond  and  Newton's  prediction  regarding 
it  ought  to  be  known  to  the  pupil.  That  animal  heat  is  due  to  slow 
combustion  ought  also  to  be  made  known. 

The  structure  of  an  ordinary  gas  flame  ought  to  be  pointed  oat, 
and  the  cause  of  the  difference  between  this  flame  and  that  of  a  Bunsen's 
burner  explained. 

llie  pupil  must  be  acquainted  with  the  general  phenomena  of  raSaat 
heat.  The  similarity  between  the  phenomena  of  radiant  heat  and  those 
of  light,  as  regards  reflection  and  refraction,  ought  to  be  known  to  the 
puml. 

The  different  powers  possessed  by  different  substances  to  radiate  heat 
ought  to  be  pointed  out,  and  this  knowledge  ought  to  be  applied  in 
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ezpbdning  the  Qtrikiiiff  ftust  that  the  cooling  of  a  vessel  may^  under 
certun  circumstances,  be  hastened  by  suirounding  it  with  flannel. 

The  reciprocity  of  radiation  and  absorption  ought  to  be  known  to  the 
pupil. 

He  ought  abo  to  know  what  ia  meant  by  the  term  diathermancy^  and 
to  be  able  to  point  how  this  property  is  majiifested  by  different  bodies. 


Second  Stage  or  Advanced  Course. 

Questions  may  be  set  in  all  Subjects  enumerated  under  the  Elementary 
Stage,  and  in  addition  on  the  foUowing  topics : — 

Aeomftios. 

The  second  course  in  acoustics  includes  an  intimate  knowledge  of 
all  the  subjects  mentioned  in  the  first.  In  addition  to  this  a  knowledge 
of  the  following  subjects  will  be  requiifed : — 

The  augmentation  of  the  velocity  of  propagation  of  a  wave  of  sound 
through  air  by  the  condensation  and  rarefaction  of  the  sound  wave 
itself. 

Harmonic  tones,  their  generation  and  their  function  in  music. 
The  laws  which  regulate  the  transverse  vibrations  of  rods. 
The  vibrations  possible  to  a  tuning  fork,  a  disk,  and  a  bell. 
The  formation  of  Chladni's  figures. 

The  laws  which  regulate  the  longitudinal  vibrations  of  strings  and 
rods.  By  a  comparison  of  the  notes  emitted  by  a  rod  and  a  column  of 
air  the  pupil  ought  to  be  able  to  determine  the  relative  velocities  of 
sound  through  both  substances. 

The  conditions  and  cause  of  resonance  ought  to  be  known  to  the 
pupil. 

He  ought  also  to  know  how  sounds  are  produced  by  the  vocal  organs 
of  man,  and  to  see  clearly  the  similarity  between  such  sounds  and 
those  of  the  syren.  As  a  case  of  the  same  kind,  the  construction  and 
explanation  of  the  Eolian  harp  ought  also  to  be  known  to  the  pupil. 

He  ought  to  be  well  acquainted  with  the  principles  of  interference  as 
applied  to  sound. 

He  ought  to  be  acq^oainted  with  the  principles  of  harmony,  to  know 
the  ratios  of  the  vibrations  corresponding  to  the  notes  of  the  gamut,  to 
be  able  to  give  a  clear  account  of  the  bearing  of  interference  upon  the 
question  of  consonance  or  dissonance,  and  to  explain  why  those  ratios 
which  are  represented  by  small  whole  ntmiberB  correspond  to  the  most 
per^Bct  harmony. 

Light. 

The  candidate  in  the  second  course  must  be  intimately  acquainted 
with  all  the  subjects  mentioned  in  the  first. 

He  must  be  able  to  apply  his  knowledge  of  total  reflection  to  the 
explanation  of  the  mirage  of  the  desert. 

He  must  be  able  to  describe  experiments  by  which  white  light  may  be 
produced  by  the  admixture  of  its  constituents. 

He  must  know  what  is  meant  by  achromatism. 

He  must  be  able  to  give  a  clear  description  of  the  undulatory  theory, 
and  to  state  how  the  colours  of  the  spectrum  are  accounted  for  by  that 
tiieory. 

He  must  be  able  to  define  a  ray  of  light  in  accordance  with  the 
undulatory  theory. 
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He  must  be  able  to  show  how  ihe  reflectioii  and  refraction  of  light 
occur  aooording  to  the  undnlatory  theory. 

He  must  be  able  to  deecribe  the  appearanoeB  presented  when  incan- 
descent metallic  vapours  are  analysed  b^  the  prism.  Especially  must  he 
be  able  to  state  what  occurs  when  a  sodium  mane  is  thus  anamed. 

He  must  slso  be  able  to  state  what  occurs  when  white  Hgnt  is  trans- 
mitted throuffh  a  sodium  flame,  and  he  must  be  able  to  describe  sn 
experiment  which  shall  render  manifest  what  occurs. 

He  must  be  able  to  state  generally  the  relation  that  subsists  between 
radiation  and  absorption  by  gases  and  vapours. 

The  lines  of  Fraunhofer  must  be  known  to  the  pupil,  and  from  this 
knowledge  in  cox^unction  with  the  knowledge  demanded  by  the  fore- 
going paragraphs,  he  must  be  able  to  infer  the  probable  constitution  of 
the  sun. 

The  pupil  ought  also  to  know  the  principles  of  interference  as  applied 
to  light. 

He  ought  to  be  able,  in  accordance  with  these  principles,  to  account 
for  the  colours  of  thin  plates  and  of  striated  surfaces. 

The  general  principles  of  diffraction  ought  to  be  known  to  the  pupil. 

He  ought  to  know  what  is  meant  by  plane  polarised  light;  to 
describe  the  act  of  polarisation  in  the  language  of  the  undul&tory  theory. 

He  ought  to  know  what  occurs  when  a  beam  of  light  is  trsiismitted 
through  a  crystal  of  Iceland  spar;  and  to  describe  the  state  of  the 
emergent  light  as  regards  polarisation. 

He  ought  to  be  able  to  describe  the  effects  observed  when  light  is 
transmitted  through  two  plates  of  tourmaline  cut  panllel  to  the  axis  of 
the  crystal. 

He  ought  to  be  able  to  describe  some  form  of  the  polari scope,  and 
to  state  and  explain  by  the  principles  of  interference  what  occurs  when 
a  thin  plate  of  selenite  is  placed  between  the  polariser  and  analyser. 


Heat. 

The  candidate  in  the  second  course  must  be  intimatdy  acqutinted 
iriih  all  the  subjects  introduced  into  the  first. 

He  ought  to  be  able  to  give  a  clear  statement  of  the  meckanicdl  theonf 
of  heat  as  distinguished  from  the  material  theory. 

He  must  know  what  is  meant  by  the  "  mechanical  equivalent  of  heat," 
and  how  it  has  been  determined. 

He  must  know  what  is  meant  b^  specific  heat  at  constant  vohune  and 
at  constant  pressure,  and  to  have  in  nis  memory  the  numerical  ratio  of 
the  two  specific  heats. 

He  ought  to  be  able  not  only  to  explain  the  meaning  of  the  diSoenee 
between  the  two  specific  heats  m  accordance  with  the  mechanical  theory, 
but  flJlso  to  show  how  from  thia  ratio  the  mechanical  equivalent  of  heat 
may  be  determined. 

Given  the  weight  and  velocity  of  a  moving  body  he  ought  to  be  able 
to  calculate  the  amount  of  heat  generated  b^  the  stoppage  of  the  motion. 

He  ought  to  be  able  to  apply  the  concejitions  of  the  mechanical  theory 
to  the  phenomena  of  combustion. 

He  ought  also  to  be  able  to  show  the  bearing  of  the  theory  upon  the 
phenomena  of  specific  and  latent  heat. 


Examination  for  Honours. 

The  candidate  for  honours  must  be  intimately  acquainted  with  the 
fwegoing  two  courses.  He  must  also  show  himself  practically  acquainted 
with  the  apparatus  employed  in  acoustics,  light,  and  heat. 
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Tbxt  Books. 

The  Elements  of  Natural  PkHatoph^,  by  C.  Brooke  and  Gelding  Bird, 
12mo.,  12f.  Sd,  (London,  ChurohiU,  6th  ed.,  1867.) 

Ganofs  etiperimental  tmd  Applied  PAymt,  tnmslated  by  £.  Atkinson, 
8vo.,  ISs,  (London,  Longman,  2nd  ed.,  1867.) 

HaadboiA  of  Natwrid  PhUoiopky,  by  D.  Lardner.   4  vols.,  12mo.,  2Qf . 

(London,  Walton,  1856.) 
Elementary  Treatiee  on  Heat,  by  Balfour  Stewart,  12mo.,  7«.  6d. 

(London,  MacmiUan,  1866.) 
Heat  a  Mode  of  MoHon,  by  J.  Tyndall,  8vo.,  lOt.  6d, 

(London,  Longman,  3rd  ed.,  186S.) 
A  Cmtrse  qf  Eight  Leetwres  on  Sotmd,  by  J.  l>nchll,  8vo.,  9t. 

(London,  Longman,  1867.) 
Familiar  Lectures  on  Scientific  Subfects,  by  Sir  J.  Herschel. 
Notes  of  a  Course  of  Lectures  on  Light,  by  J.  Tyndall,  Is.  in  printed 
wrapper;  Is,  6d,  in  doth.  (London^  Longman.) 


SUBJECT  IX.— MAGNETISM  AND  ELECTRICITY. 
First  Staob  or  Elbmbntary  Courbs. 
Magnetism, 

It  is  exceedingly  desirable  that  the  pupil's  ideas  of  the  fiindamental 
facts  and  principles  of  magnetism  should  be  as  clear  as  our  knowledge 
and  his  capacity  can  make  them. 

He  ought  to  be  made  acquainted  with  the  action  of  the  natural  magnet 
or  loadstone  on  small  pieces  of  iron.  This  is  to  be  mentioned  to  nim 
as  the  first  fact  obsenred,  but  for  the  explanation  of  which  other  facts 
are  necessary.  The  action  of  two  natural  magnets  upon  each  other 
ought  to  be  described,  and  through  this  action  a  clear  notion  of  the 
docikrine  of  magnetic  polarity  ought  to  be  conveyed  to  the  pupil's  mind. 

The  power  of  the  natural  magnet  to  confer  its  own  magnetic  properties 
upon  steel,  and  tiie  action  of  the  natural  magnet  on  the  steel  which  it 
has  magnetised,  ought  to  be  explained. 

The  action  of  two  pieces  of  msgnetised  steel  upon  each  other  ought  to 
be  made  clear,  and  from  this  action  the  fundamental  law  that  like  poles 
repel  each  other,  and  that  unlike  poles  attract  each  other,  ougnt  to  be 
deduced. 

The  distribution  of  magnetism  in  a  bar  magnet  ought  to  be  made 
dear.  The  effect  of  brealang  the  magnet  into  two  halves ;  the  ^ect  of 
again  breaking  these  halves ;  and  through  facts  of  this  nature,  a  dear 
idea  is  to  be  conveyed  that  each  molecule  of  the  magnet  is  itself  a 
ma^et;  the  action  of  the  magnet  as  a  whde  being  tiie  sum  of  the 
actions  of  its  molecules. 

It  is  of  exceeding  importance  that  the  pupil  should  be  taught  to 
connect  the  facts  of  magnetism  by  means  of  the  provisional  conception 
known  as  the  theory  of  ma^fnetic  fimds»  The  teacner  will  assure  himself 
that  a  ootxect  image  of  this  theory  is  in  the  nupil's  mind«  He  will  at 
the  same  time  be  careful  to  inform  the  pupil  that  the  theory  is  an  image 
merdy,  which  enables  him  to  connect  and  classify  his  facts,  and  that  it 
is  not  a  proved  sdentific  truth. 

The  theory  is  to  be  applied  in  explaining  the  difference  between  iron 
and  sted  as  regards  their  power  of  accepting  and  retaining  magnetism. 
The  term  coercive  force  and  all  tiiat  rdates  to  it  will  here  come  under 
review. 
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The  theorjr  is  also  to  be  applied  in  ezplaiiiing  the  first  obeenred  £utB  of 
magnetism,  including  in  tiiem,  and  illustrating  bj  them  the  general 
phenomena  of  magnetic  induction,  or  magnetisation  by  inflnenee.  Ererj 
student  ought  to  have  a  dear  image  of  the  state  of  a  piece  of  ircm  acted 
on  by  a  magnet,  and  he  ought  to  be  able  to  explain  wnr  the  attraction  of 
the  iron  is  a  consequence  of  that  state.  He  ought  clearly  to  see  that 
repulsion  as  well  as  attraction  is  at  work,  the  resultant  attraction  bdng 
the  difference  of  both. 

He  ought  to  understand  that  when  the  attracting  magnet  ta  tvij  dis- 
tant, the  difference  between  attraction  and  repuuion  is  so  small  as 
to  be  imperceptible ;  this  knowledge  will  render  it  easy  foa  him  to  com- 
prehend why  the  magnetic  poles  of  the  earth  which  give  <Ureetum  to  a 
magnetic  needle  are  incompetent  to  produce  a  motion  of  tranalatioa. 

The  pupil  ought  to  know  the  facts  of  terrestrial  magnetism ;  why  it  is 
that  we  consider  the  earth  a  magnet.  It  will  be  poeaiUe  to  make  him 
acquainted  with  all  that  is  known  regarding  the  position  of  the  earth's 
mMietic  equator  and  of  the  teirestriia  magnetb  piolea. 

The  terms  declination  (variation),  indination  (dip),  and  magnetic 
intensity,  ought  to  be  expluned  to  him. 


Frictional  EUetridty, 

Here  also  care  must  be  taken  to  imprint  the  ftmdamental  facts  and 
principles  clearly  and  firmly  upon  the  pupil's  mind.  It  is  easy  in  tiie 
case  of  frictional  electridty  to  let  the  pupil  actually  see  some  of  the  iiBbets ; 
and  it  is  exceedingly  desirable  that  he  snould  do  so.  The  same  remark 
applies  to  the  elementary  facts  of  magnetism. 

As  in  the  case  of  magnetism,  the  fact  first  observed,  namdy,  the 
attraction  of  l^ht  bodies  by  rubbed  amber,  must  be  shown  to  need 
other  facts  for  its  explanation. 

The  mode  of  excitmg  bodies  by  friction  is  to  be  described ;  the  action 
of  rubbed  and  unrubbed  vitreous  bodies  upon  each  other;  the  action  of 
rubbed  and  unrubbed  resinous  bodies  upon  eadi  other ;  and  the  action 
of  vitreous  bodies  upon  resinous  bodies,  aod  the  reverse,  are  to  be  dearlv 
described  and  illustnited.  From  these  facts  the  law  is  to  be  deduoea 
that  bodies  similarly  dectrified  repel,  and  dissimilarly  dectrified  attract, 
each  other.  The  pupil  ought  to  Imow  why  the  terms  vitreous  and 
resinous,  as  applied  to  dectridty,  have  been  abandoned. 

Having  been  made  acquainted  with  the  elementaxy  &cts  and  prind- 
pies,  the  pupil  is  to  be  rendered  familiar  with  the  provisional  conception 
called  the  theory  of  electric  fluids.  As  in  the  case  of  magnetism,  ne  is 
to  understand  tnat  this  theory  is  an  image  merdy,  and  not  a  truth. 

He  ought  to  be  made  acquainted,  by  experiments  perframed  or 
described,  with  the  qualities  of  insulation  and  conduction.  He  ought  to 
know  the  reason  of  the  old  division  of  bodies  into  electrics  and  non- 
electrics,  and  also  the  unsound  character  of  this  dassification. 

Clear  definitions  ought  to  be  given  as  to  what  is  to  be  understood  by 
positive  and  what  by  negative  e&otridty.  The  pupil  must  be  able  to 
determine  the  quality  of  the  dectridinr  with  whidi  any  body  is  charged. 

He  must  be  thoroughly  versed  in  the  phenomena  of  dec&o  inducticm» 
and  must  be  able  to  apply  the  theory  of  dectric  fiuids  in  the  explanation 
of  these  phenomena,  in  connexion  with  the  sufafject  of  electricity  this  ii 
t^e  most  important  part  of  the  teacher's  duty,  for  upon  a  knowledge  of 
the  facts  ana  principles  of  dectric  induction  the  oomjoehenaion  of  almost 
all  that  foUowB  it  d^iends. 

The  pupil  ought  to  be  able  to  construct,  or  describe  the  constraciion, 
of  an  dectrophorus,  and  to  explain  its  action  by  refmnce  to  thepdndplea 
of  dectric  induction. 
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He  ought  to  be  able  to  eiplaiu  the  condenser  bjreforenoe  to  the  Bsme 
pimciples. 

He  ought  to  be  able  to  explain  the  charging  and  discharging  of  the 
Lejrden  jar  by  reference  to  the  same  principles. 

He  ought  to  be  able  to  describe  tne  charging  of  the  prime  conductor 
of  an  electric  machine  by  reference  to  the  same  principles. 

The  knowledge  implied  in  the  last  three  questions  embraces  that  of 
the  constructioii  €i  -tbe  condenser,  the  Leyden  jar,  and  the  electric 
machine.  The  first  form  of  the  Leyden  jar  ought  to  be  known  to  tiie 
pupfl.. 

The  distribution  of  electricity  on  the  surfaces  of  conductors  is  to  be 
made  known,  and  from  it  the  power  of  points  to  disperse  electridty 
ought  to  be  deduced.  The  pupu  ought  to  realise  that  in  virtue  of  its 
self-repelling  character  an  elec&ic  fluid  alwa^rs  moves  to  the  external 
8urfiEu;es  of  bodies.  The  power  of  flames  in  dispersing  electricity  ought 
also  to  he  made  known  to  the  pupil. 

He  win  now  he  ready  to  understand  the  form  and  theory  of  lightning 
conductors. 

The  physiological,  deflagrating,  and  mechanical  effects  of  the  electric 
discharge  ought  to  he  known  to  the  pupil.  He  ought  also  to  be  able 
to  apply  his  knowledge  to  the  explanation  of  thunder  and  lightning,  and 
of  the  return  shock. 


Voltaic  Electricity, 

The  simplest  combinations  for  the  generation  of  a  v(dtaic  current 
ought  to  be  made  known  to  the  pupil.  The  electric  state  of  the  free 
ends  of  the  two  metals  immersed  m  the  exciting  liquid  ought  to  he 
described ;  he  ought  to  be  taught  to  apply  the  theorj  cf  dectric  fluids 
to  the  conception  of  two  currents  flowing  in  opposite  directions,  and 
then  the  omission  of  one  of  these  currents  as  a  matter  of  convenience 
outtht  to  be  made  known. 

It  is  very  important  that  the  pupil  should  have  a  clear  physical 
image  of  the  fundamental  phenomena  liefore  his  mind.  As  in  cases 
formerly  referred  to,  the  teacher  will  be  careful  to  exphun  that  this 
idea  of  a  fluid  flowing  in  a  current  is  an  image  merely,  and  not  a  proved 
truth. 

Galvani's  experiment  with  the  le^s  of  the  frog  which  he  suspended 
hv  a  copper  hook  on  an  iron  raihng  ought  to  be  explained ;  and 
also  the  experiment  of  Sulzer,  where  the  tongue  is  placed  between  two 
metals. 

The  hearing  of  tiie  experiment  illusiratinji^  ''the  return  shock on 
Galvani's  first  observation  ought  to  be  explained. 

The  idea  of  an  electro-motiTe  fbree  separating  ike  two  deetridties 
and  driving  them  in  opposite  directions  ought  to  be  distindr  in  the 
pupil's  mind. 

He  ought  to  be  made  acquainted  with  the  magnetical  affeois  of  the 
circuit,  inth  the  action  of  a  current  upon  iron  flings,  with  its  action 
upon  a  freely  suspended  magnetic  needle.  In  iAaa  latter  action  he  is  to  be 
particnlailv  well  versed,  so  as  to  be  able  immediatdy  from  the  deflection 
el  the  needle  to  infer  the  direction  of  the  current,  and  from  the  direction 
of  tiie  cuixent  the  deflection  of  the  needle. 

He  must  know  the  action  of  a  current  upon  a  bar  of  iron  placed  within 
a  coil  round  which  a  current  circulates.  He  must  understand  the  magnetic 
properties  hoth  of  the  coil  and  of  the  bar. 

He  ought  to  be  made  acquainted  with  the  simi^est  form  of  the  multi- 
plying galvanometer. 
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He  ought  to  understand  the  principles  of  the  needle  telegraph. 

Some  of  the  chemical  effects  of  the  current  ought  to  he  made  known 
to  the  pupil.  He  ought,  for  example,  to  hare  a  distinct  notion  of  the 
composition  of  water,  and  an  equally  (Ustinct  notion  of  its  deoompoiition 
by  tne  electric  current. 


SxcoKD  Stagx  or  Advancxd  Courbs. 
Magnetism, 

The  more  advanced  pupils  that  undertake  the  second  course  ought  to 
be  intimately  acquainted  with  all  the  subjeots  introduced  into  the  first 
*nie  following  additional  subjects  are  to  be  mastered. 

The  disposition  of  the  so-called  magnetic  curves  round  a  bar  magnet, 
round  two  bar  magnets  with  similar  or  unlike  poles  acUacent  to  each 
other,  and  round  a  horse-shoe  magnet,  must  be  clearly  unoerstood.  The 
pupil  must  know  how  a  short  magnetic  needle,  or  of  a  short  bar  of  iron 
freely  suspended  acts  in  relation  to  those  lines,  and  he  must  be  able  to 
show  that  the  lines  are  deducible  from  the  docbine  of  magnetic  polarity 
combined  with  elementary  mechanical  conceptions. 

He  must  be  able  to  figure  mentally  the  magnetic  curves  of  ihe  earth, 
and  to  see  their  relation  to  the  line  of  dip. 

He  must  have  perfectlv  clear  notions  as  to  what  is  meant  by  the 
strength  of  a  magnet.  He  must  be  able,  to  compare  the  strength  of 
magnets  together,  by  the  method  of  oscillation,  by  the  toraion  bidaitoe, 
or  by  the  deflection  of  a  small  magnetic  needle. 

A  knowledge  of  the  principles  and  use  of  the  torsion  balance  is  quite 
essential. 

He  must  know  what  is  meant  by  the  law  of  inverse  squares,  and  be 
able  to  show  how  it  has  been  experimentally  demonstrated. 

The  pupil  must  be  acquainted  with  the  effect  of  temperature  and  of 
percussion  upon  a  magnet. 

He  must  know  the  meaning  of  the  terms  horizontal  intensity,  vertical 
intensity,  and  total  force.  He  ought  also  to  know  what  is  meant  by  the 
variation  of  all  of  those,  that  they  are  different  at  different  parts  of  tiie 
earth's  surface,  at  different  hours  of  the  day,  at  different  seasons  of  the 
year.  To  a  knowledge  of  the  diurnal  and  annual  variations,  he  ought 
to  add  a  knowledge  of  the  secular  variation. 

FHetional  Electricity. 

The  more  advanced  pupil  must  be  intimately  aoquidnted  with  all  the 
fiubjeots  introduced  into  the  first  course. 

He  must  understand  the  cascade  arrangement  of  the  Leyden  batteiy, 
as  contrasted  with  the  ordinary  arrangement. 

He  must  understand  the  application  of  the  torsion  balance  to  the 
measurement  of  electric  force. 

He  ought  to  be  i^le  to  think  out  and  describe  various  new  and  simple 
fonns  of  the  condenser  and  the  Leyden  jar. 

He  ought  to  be  able  to  cany  forward  the  idea  of  an  electric  fimd  to 
ihe  oonc^on  of  a  current  of  such  fluid ;  he  ought  to  be  able  to  describe 
the  chemical  and  magnetical  efiiects  of  such  a  current.  He  ought  to  be 
able  dearly  to  contrast  those  actions  as  manifiBstedby  fnctionsl  electricity 
'with  the  same  actions  as  manifested  by  voltaic  electrictty. 

He  ought  to  be  able  to  describe  the  experimental  amsgements 
aeeessaiy  to  the  production  of  primary,  secondary,  tertiary,  and  currents 
of  higher  order  by  the  discharge  of  the  electric  battoy. 
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He  must  understand  the  law  of  inverse  squares  aa  applied  to  electricit;^, 
and  clearly  comprehend  its  limitations. 

The  diurnal  variation  of  atmospheric  electricity  ought  to  be  known  to 
ihepupil. 

Tne  application  of  the  unit  jar  in  the  measurement  of  electric  charges 
ought  to  be  known  to  the  pupil. 

The  terms  quantity  and  intensity  (or  as  it  is  called  by  some  density) 
as  applied  to  electrici^  ought  to  be  clearly  understood.  The  relation 
of  the  heating  power  of  an  electric  discharge  to  its  quantity  and  inten* 
sity  ought  alM)  to  be  known  to  the  pupil. 


Voltaic  Electricity. 

The  more  advanced  pupil  must  be  intinmtely  acquainted  with  the 
subjects  mentioned  in  the  nrst  course. 

To  the  electro-magnetical  knowledge  there  demanded  he  is  to  add 
fhe  knoidedf^e  of  determining  the  strength  of  a  current  by  tbe  deflection 
of  a  magnetic  needle. 

He  ought  also  to  be  able  to  determine  the  relative  strength  of  two 
currents  bv  their  chemical  action. 

He  ought  to  know  how  the  magnetism  of  a  bar  of  iron  augments  in 
intensity  as  tbe  currents  which  surround  it  augments  in  strength. 

He  ought  to  know  how  the  attraction  of  iron  by  an  electro-magnet 
augments  as  tbe  exciting  current  is  augmented.  In  this  case  he  ought 
to  see  and  be  able  to  describe  the  difference  between  a  piece  of  soft  iron 
and  a  piece  of  exceedingly  hard  magnetized  steel. 

He  ought  to  be  acquainted  with  induced  currents,  their  various  modes 
of  generation,  and  their  laws  of  action. 

He  ought  to  be  able  to  explain  the  ordina^  madical  magneto-electric 
coil.  He  ought  also  to  be  able  to  describe  Ruhmkorff's  coil,  and  some 
of  the  effects  obtainable  by  it. 

He  ought  to  be  able  to  sketch  a  current  reverser. 

He  ought  to  understand  the  principles  of  the  astatic  needle. 

He  ought  to  be  able  to  descnoe  the  phenomena  of  the  eictra-current. 

He  ought  to  be  made  acquainted  with  the  mutual  action  of  currents 
upon  each  other,  with  the  attractions  and  repulsions  which  are  dependent 
upon  direction. 

He  ought  to  know  how  a  coil  of  copper  wire  may  be  suspended  so  that 
when  a  current  flows  through  the  wire  it  shall,  like  a  magnetic  needle, 
oher  the  directive  action  of  the  earth. 

He  ought  to  be  acquainted  with  the  principles  of  electro-plating, 
adding  to  a  knowledge  of  the  decomposition  of  water  a  knowledge  of 
other  decompositions,  by  which  conducting  surfaces  may  be  coated  with 
copper,  silver,  or  gold. 

He  ought  also  to  be  made  acouunted  with  the  chemical  actions  that 
oocor  wi&in  a  voltidc  cell  when  tne  current  circulates. 

The  arrangement  of  ceUs  into  batteries  ought  to  be  described.  The 
pupil  ought  to  be  made  acquainted  with  the  pile  of  V<dta  and  the 
crown  of  cups.  He  ought  also  to  have  explained  to  him  the  battery  of 
Grove. 

The  reason  for  emplc^g  two  fluids  in  the  cells  of  this  battery  ought 
to  be  explained. 

The  dependence  of  the  heat  generated  on  the  resistance  overcome  by 
the  current  ought  to  be  made  luiown.  He  ought  to  be  taught  to  form 
as  definite  a  conception  as  possible  of  resistance  in  relation  to  electro* 
motive  force,  and  to  understand  the  formula  which  expresses  the  relatioa 
of  heat,  resistance,  and  current  strength. 

i690O.  . 
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He  ought  to  understand  the  theory  of  molecular  currents,  and  to  be 
able  to  apply  this  theory  in  explanation  of  the  phenomena  of  magnetism. 

Examination  for  Honours. 
Magnetism. 

A  candidate  who  enters  the  honours  examination  must  be  intimately 
acquainted  with  the  foregoing  two  courses  in  magnetism.  In  addition 
to  this  he  must  be  able  to  show  that  he  has  a  competent  practical  know- 
ledge of  the  apparatus  employed.  He  must  show  ability  in  devising  and 
executing  experimentSi  and  ought  to  be  able  in  the  presence  of  the 
examiner  to  perform  experiments  illustrative  of  any  or  all  of  the  subjects 
introduced  in  the  foregoing  two  courses. 

Frictional  Electricity. 

The  candidate  ought  also  to  know  the  facta  and  principles  of  dia* 
magnetism.  He  ought  also  to  be  able  to  describe  and  explain  the 
deportment  of  crystslline  bodies  between  the  poles  of  a  magnet. 

In  frictional  electricity,  besides  an  intimate  acquaintance  with  both  of 
the  foregoing  courses,  the  candidate  must  possess  a  competent  practical 
knowledge  of  the  apparatus  employed.  He  must  be  able  to  devise  and 
execute  experiments  in  the  examiner's  presence.  He  must  be  intimately 
acQuainted  with  the  experiments  with  a  rotating  mirror  by  which 
Wneatstone  determined  tne  velocity  of  electricity  and  the  duration  of 
the  electric  spark. 

Voltaic  Electricity, 
.  Besides  being  intimately  acquainted  vnih  the  two  foregoing  courses, 
the  candidate  must  have  a  practical  acquaintance  with  the  apparstos 
employed  in  voltaic  electricity. 

He  must  be  intimately  acquainted  with  the  laws  of  Ohm  which  express 
the  relation  of  electro-motive  force,  internal  and  external  lesiataace,  and 
current  strength. 

He  must  be  able  to  apply  the  principles  of  the  dvnamical  the<ay  of 
heat  to  the  heat  phenomena  of  the  voltaic  current.  He  must  be  dear^ 
informed  as  to  the  manner  in  which  the  heat  is  distributed  within  and 
without  the  battery. 

Text  Books. 

As  a  text  book,  in  addition  to  the  works  on  Phvsice  and  Natural 
Philosophy  mentioned  in  the  Svllabus  of  Subject  VII I.,  the  following 
work  on  Electricity  may  be  used : — 

Electricity,  by  R.  M.  Ferguson,  12mo.,  3s,  dd. 

(Edinburgh,  Chambers.  1866.) 

Notes  of  a  Course  of  Seven  Lectures  on  Electrical  Pkemamema  mid 
Theories,  by  John  Tyndall,  LL.D.,  F.R.S.»  Is.  in  printed  wrapper; 
Is.  6d,  in  doth.  (London.  Longman.) 

SUBJECT  X.--INORGANIC  CHEMISTRY. 

First  Stage  or  Elemektaiit  Coubse. 

Pupils  presenting  themselves  for  examination  will  be  expected  to 
possess  a  knowledge  of  the  following  subjects : — 

Definition  of  chemistry.  Simple  and  compound  matter.  Different 
modes  of  chemical  action.     Combining  weights.    Vohune  weights. 
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Principles  of  chemical  nomenclature.  Symbolic  notation.  Graphic 
notation.  Chemical  formulae.  Chemical  equations.  Atomicity  of 
elements.  Simple  and  compound  radicals.  Definition  of  a  compound 
radical.  Classification  of  all  elements  into  metals  and  non-metals,  into 
positive  and  n^ative  elements.    Classification  according  to  atomicity. 

French  and  English  systems  of  weights  and  measures.  Conversion  of 
English  into  French  weights  and  measures.   The  crith  and  its  uses. 

Hydrogen, — Its  preparation  and  properties. 

CAIor»fi6.--PreDaration  of  chlorine  from  hjrdrochloric  acid.  Analvsis 
and  synthesis  of  liydrochloric  acid.  Properties  and  reactions  of  hydro- 
chloric acid. 

Oxygen. — lbs  preparation  and  properties.  Allotropic  oxygen  or 
ozone.  Formation  and  reactions  of  water.  Preparation  and  properties 
of  hydrozyl.    Compounds  of  chlorine  with  oxygen  and  hydroxyl. 

Boron. — How  it  occurs  in  nature.  Its  allotropic  modifications.  Boric 
anhvdride.   Bone  acids. 

(Jarbon, — Its  preparation  and  allotropic  forms.  Preparation  and 
properties  of  carbonic  oxide  and  carbonic  anhydride. 

Nitrogen. — Its  preparation  and  properties.  Compounds  of  nitrogen 
with  oxygen  and  hydroxyl.  Compound  of  nitrogen  with  hydrogen. 
Ammonia.   Ammonic  salts. 

Su^hur. — Its  properties  and  allotropic  modifications.  Compounds  of 
sulphur  with  positive  elements.  Compounds  of  sulphur  witn  oxygen 
ana  hydroxyl. 

According  to  §  XXXIX,  of  the  Directory  special  extra  payments  are 
made  on  account  of  students  who  show  a  good  knowledge  of  experi- 
mental chemistry  or  laboratory  practice.  This  knowledge  will  at  present 
be  tested  by  questions  set  witn  the  ordinary  examination  paper  in  May. 
In  the  elementary  stage  the  course  of  laboratory  instruction  to  which  the 
questions  will  be  confined  will  be  the  preparation  of  the  elements  and 
compounds  above  enumerated,  and  l^e  methods  of  experimentally 
demonstrating  their  properties.  These  questions  will,  as  much  as  pos- 
siblcj  be  so  framed  as  to  prevent  answers  being  given  hy  pupils  who 
have  obtained  their  information  merely  from  books  and  oral  instruction. 

Second  Stage  ok  Advanced  Course. 

In  addition  to  the  above  subjects,  pupils  presenting  themselves  for 
the  advanced  examination  will  be  assumed  to  have  received  instruction 
in  the  following : — 

Theory  of  atoms  and  molecules.  Empirical,  rational,  and  constitu- 
tional fbrmul«.  Absolute,  kitent,  and  active  atomicity.  Atomic  and 
mokcokr  combiDation. 

Expansion  of  gases  by  heat.  Reduction  of  gaseous  volumes  to  standard 
pressure  and  temperatmre. 

Manufacture  of  hydrochloric,  nitric  and  sulphuric  acids.  Composi- 
tion and  manufacture  of  bleaching  powder.  Theory  of  bleaching. 
Suitability  of  water  for  domestic  purposes.  CauM  of  permanent  And 
tempofaiy  hardneoe  in  water. 

Bromine. — Hvdrobromic  and  bromic  acid. 

Jodme. — Hyoriodic,  iodie,  and  periodic  add. 

Flmrime, — Hydrofluoric  acid. 

£rt7tcofi.— Silica.  Silicic  acid.  SiUeic  hydride.  Names  and  formulae 
of  some  of  the  more  important  silicious  minerals. 

Phosphorus. —  Phosphoretted  hydrogen.  Acids  and  anhydride*  of 
phosphwuB. 

Arsenic. — ^ArseniouB  and  arsenic  adds.  Aiseniureited  hydrogen. 
Detection  ol  araenic. 
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Antimmy  and  Bismuth, — ^Preparation  and  properties  of  iheir  chief 
compounds. 

Tae  monad  metaLs,  especiallj  potassium,  sodium,  and  silver.  Manu- 
facture of  sodarash. 

The  dyad  metals.  Barium,  strontium,  calcium,  magnesium,  une. 
cadmium,  mercury,  and  copper. 

The  chief  properties  of  the  following  metals : — Gold,  aluminium, 
platinum,  lead,  chromium,  manganese,  iron,  cobalt,  and  nickel. 

Composition,  preparation  and  properties  of  the  more  important  com- 
pounds of  these  metals. 

The  knowledge  of  experimental  chemistry  required  to  obtain  the 
special  payments  under  §  XXXIX.  of  the  Directory  will  in  this  stage 
also  be  tested  by  questions  set  with  the  ordinary  esnminatiou  paper.  In 
this  stage  the  course  of  laboratorpr  practice  and  analysis  in  wnich  ques- 
tions may  be  set  will  include,  besides  the  preceding,  the  reactions  of  the 
principal  mineral  acids  and  bases,  and  the  methods  pursued  in  the  appli- 
cation of  these  reactions  to  the  analysis  of  substances  containing  one  or 
more  of  the  following  constituents : — Potassium,  sodium,  ammonium, 
magnesium,  calcium,  strontium,  barium,  aluminiimi,  chromium,  zinc, 
manganese,  iron,  cobalt,  nickel,  arsenic,  antimony,  tin,  cadmium,  copper, 
bismuth,  mercury,  lead,  silver,  hydrosulphuric  add,  hydrochloric  acid, 
hydriodic  acid,  nitiic  acid,  chloric  acid,  boric  acid,  caibonic  add,  hydro- 
fluoric acid,  phosphoric  acid,  silidc  add,  and  sulphuric  acid. 

No  candidate  will  obtain  a  first  class  in  the  advanced  stage  unless  his 
answers  show  him  to  have  a  fur  knowledge  of  qualitative  analyds. 

Examination  for  Honours. 

In  addition  to  the  above,  candidates  are  expected  to  possess  a  know- 
ledge of  the  followinff  subjects : — 

Theory  of  normal,  acid,  and  basic  salts.  Constitutional  formuls  of 
the  various  acids  of  phosphorus  and  other  elements.  Monatomic  and 
poWatomic  molecules. 

The  phenomena  of  combustion. — ^Thermal  units.  Absolute  thermal 
efiPect,  or  total  amount  of  heat  evolved  by  various  kinds  of  fuel  and 
other  combustibles.  Pyrometric  thermal  efifect,  or  intensity  of  heat 
evolved  by  combustibles.  Translation  of  absolute  thermal  effect  into 
its  mechanical  equivalent.  Theory  of  flame.  Source  of  light  in 
luminous  flames.  Spectrum  analysis,  its  principles  and  apptieatioos. 
Relations  of  specific  heat  to  atomic  weight. 

The  law  of  the  diffusion  of  gases.  The  laws  of  electrolysis.  The  pro- 
cesses used  in  the  quantitative  analysis  of  the  more  commonly  oooumng 
minerals.  A  knowledge  of  qualitative  and  quantitative  aniJysia  is 
essential  to  the  attainment  of  a  class  in  honours. 

Text  Books. 
The  following  works  may  be  mentioned  : — 

Lecture  Notes  for  Chemical  Students  (Vol.  I.  Inoiganic  CSiemia^), 
by  £.  Frankland,  8vo.,  4s.  (London,  Van  Voorst,  2nd  ed.,  187u.) 

First  Pnnciples  of  Modem  Chemistry,  by  U.  J.  Kay-Shutdewotth, 
8vo.,  4s.  6d.  (London,  Churchill,  2nd  ed.,  1870.) 

Introduction  to  Modem  Chemistry,  by  A.  W.  Hofmann,  Svo.,  4s.  6d. 

(London,  Wahon,  18^0 
First  Step  in  Chemistry,  by  R.  GUdloway,  ]2mo.,  6s.  6d. 

(London,  Churchill,  4th  ed.,  1868.) 
Lessons  in  Elementary  Chemistry,  by  H.  £.  Roaooe,  18mo.,  4s.  6ei 

(London,  Macmillan,  new  ed.,  1869.) 
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For  the  advanced  course  the  following  may  be  used  in  addition  to  the 
above : — 

Chemistry,  Inorganic  and  Organic,  by  C.  L.  Bloxam^  8vo.,  I6s, 

(London,  Churchill,  1867.) 
Manual  of  Elementary  Chemistry,  by  G.  Fownes,  12mo.,  12*.  6d, 

(London,  Churchill,  10th  ed.,  1868.) 
Elements  of  Inorganic  Chemistry,  by  W.  A.  Miller,  8vo.,  2ls. 

(London,  Longman,  drd  ed.,  1864.) 
Chemistry  for  Students,  by  A.  W.  Williamson,  12mo.,  7*.  6rf. 

(London,  Macmilkn,  new  ed.  1868.) 
Chemistry  for  Schools,  by  C.  Haughton  Gill,  12mo. 

(London,  Walton,  1869.) 
Qualitative  Analysis,  by  R.  Galloway,  8vo.,  8*.  6rf. 

(London,  Churchill,  5th  ed.,  1870.) 

Besides  these  works  the  following  are  recommended  for  reading  and 
working  for  honours : — 

Second  Step  in  Chemistry,  by  R.  Galloway,  12mo.,  IO5. 

(London,  Churchill,  1863.) 
Chemical  Physics,  by  W.  A.  Miller,  8vo„  I5s. 

(London,  Longman,  4th  ed.,  1867.) 
Dictionary  of  Chemistry,  and  the  Allied  Branches,  by  H.  Watts,  in  four 
Vols.,  8vo.,  1st  Vol.,  3l5.  6d,,  2nd  Vol.,  26*.,  3rd  Vol.,  31*.  6d., 
4th  Vol.,  24*.  (London,  Longman,  1863-66.) 

Elementary  Treatise  on  Heat,  by  Balfour  Stewart,  12mo.,  7'.  6J. 

(London,  Macmillan,  1866.) 
Heat  considered  as  a  Mode  of  Motion,  by  J.  TyndaU,  8vo.,  12*.  6d. 

(Lonaon,  Longman,  2nd  ed.,  1866.) 
Quantitative  Analysis,  Fresenius,  translated  by  A.  Vacher. 

(London,  Churchill,  5th  ed.,  18/0.) 


List  of  Books  of  Reference  for  General  Library : — 

Fresenius's  Qualitative  Analysis,  translated  by  A.  Vacher.  7th  edition. 
8vo.,  9*.    Churchill  and  Sons. 

lire's  Dictionary  of  Arts,  Manufactures,  ^c.  3  vols.  8vo.,  4L  14*.  6d. 
Longmans. 

English  Cvclop€edia,  Arts  and  Sciences.  8  vols.  8vo.,  each  12*. 
Bradbury  and  Evans. 

Muspratfs  Dictionary  of  Chemistry.    2  vols.    8vo.,  6/*.  Mackenzie. 

Braud*s  Dictionary  of  Science,  Sfc.   3  vols.   8vo.,  63*.  Longmans. 

Chemical  Technology,  by  Richardson  and  Watts. 

All  the  vols,  of  the  Cavendish  Society,  especially  Gmelin's  Chemistry, 
17  vols.  8vo. 

Boyal  Society  Catalogue  of  Scientific  Papers.   4  vols. 

The  Journal  of  the  Chemical  Society  from  the  commencement  to  the 
pretint  time. 

The  Proceedings  of  the  Boyal  Society  from  the  commencement  to  the 
present  time. 

The  Transactions  of  the  Boyal  Society  from  the  beginning  of  the  century 
to  the  present  time. 

The  Philosophical  Magazine  from  the  commencement  to  the  present  time. 

The  Proceedings  of  the  Boyal  Institution.    5  vols. 

Die  Jahresbericht  der  Chemie  from  1847  /0  the  present  time.  20  vols, 
and  index,  2  vols. 
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SUBJECT  XI.— ORGANIC  CHEMISTRY. 
FiRHT  Stage  or  Elbmbntart  Course. 

Pupils  presenting  themselves  for  examinatioa  will  be  expected  to 
possess  a  knowledge  of  the  following  subjects : — 

Definition  of  organic  bodies;  their  iiltimate  analysis.  Calculation 
of  empirical  formulae.  Compound  organic  radicals.  Notation  of  organic 
compounds.    Graphic  and  symbolic  formulae. 

Organic  Radicals, — Positive  radicals.  Preparation  and  properties  of 
the  monad  radicals  of  the  methyl  series.  Monad  radicals  of  the  vinyl 
and  phenyl  series. 

Dyad  positive  radicals  of  the  ethylene  series.  Preparation  and 
properties  of  ethylene. 

Negative  radicals.  Cyanogen.  Ozatyl.  Oxalic  acid,  its  preparation 
and  properties. 

Hydrides  of  the  Organic  Radicals, — Methylic  hydride  or  marsh  gas. 
Pared£n.  Benzol.  Cyanic  hydride  or  hydrocyanic  acid.  Oxatylie 
hydride  or  formic  acid. 

The  Alcohols. — Definition  of  an  alcohol.  Methylic  alcohoL  Etbylic 
or  common  alcohol.    Phenylic  alcohol  jor  carbolic  acid. 

T%e  Ethers. —  Definition.  Preparation  and  properties  of  e&ylic 
ether. 

The  Haloid  Ethers.— Their  constitution.  Preparation  and  properties 
of  ethylic  chloride  and  iodide. 

ne  Aldehydes. — ^Their  nature  and  properties.  Acetic  aldehyde. 
Benzoic  aldehyde  or  oil  of  bitter  almonds. 

The  Acids. — Definition  of  an  organic  acid.  Acetic  acid.  Lactic  acid. 
Benzoic  acid. 

Ethereal  Salts. — Definition  and  constitution  of  the  ethereal  salts  of 
the  monobasic  acids.  Preparation  and  proi^erties  of  acetic  ether  and 
buhrric  ether. 

The  evidence  of  a  good  knowledge  of  chemical  manipulation  will  be 
rewarded  by  special  exti'a  payments.  (See  §  XXXIX.  of  the  Direc- 
tory.) This  knowledge  \iill  at  present  be  tested  by  questions  set  with 
the  ordinary  examination  paper  in  May,  and  the  course  of  laboratory 
practice  to  which  the  questions  will  be  confined  will  be  the  preparation 
of  ethyl,  ethylene,  cyanogen,  oxalic  acid,  marsh  gas,  hydrocyanic  acid, 
ethylic  alcohol,  ethylic  ether,  ethylic  iodide,  acetic  acid,  lactic  acid,  and 
ethylic  acetate  or  acetic  ether.  1  ne  analytical  detection  of  bydnx^am'c 
acid,  oxalic  acid,  tartaric  acid,  citric  acid,  and  acetic  acid. 

Second  Stage  or  Advanced  Coursb. 

In  addition  to  the  above  subjects,  students  presenting  themselves  for 
this  examination  will  be  assumed  to  be  acquainted  with  the  following : — 

Determination  of  the  rational  formulae  of  organic  acids  and  bases. 
Graphic  and  symbolic  types  of  organic  compounds.  Reduction  and 
development  of  the  formulae  of  organic  bodies.  Classification  of 
organic  compounds. 

Organic  Radicals. — D^ad  positive  radicals  of  the  acetylene  series. 
Single  and  double  cyanides.  Manufacture  of  prussian  bine  and  of 
oxalic  acid. 

Hydrides  of  the  Organic  Radicals. — Ethylic  and  amy  lie  hydrides. 
Hydrides  of  the  radicals  of  the  phenyl  series.    Manuiucture  of  coal-gas. 

The  Alcohols. — Classification,  preparation  and  properties  of  alcohols. 
1.  Monacid  alcohols;  methyl  series,  vinyl  series,  allyl  series,  pheny 
series.  2.  Diacid  alcohols  or  glycols ;  ethylic  glycol  and  its  deriratiyes. 
o.  Triacid  alcohols;  glycerin,  its  preparation  and  properties. 
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The  Ethers. — 1.  Ethers  of  the  monacid  alcohols; — ^methjlic  ether, 
Allelic  ether,  phenjlic  ether.  2.  Ethers  of  the  diacid  alcohols ; — ethjlenic 
oxide.    3.  Ethers  of  the  triacid  alcohols; — arlycylic  ether. 

ne  Haloid  Ethers, — Haloid  ethers  of  the  monad,  dyad,  and  triad 
positive  radicals.  Methylic  chloride.  Manufacture  of  chloroform. 
Ethylenic  bromide. 

The  Aldehydes.— YoTm&tion  and  re-actions  of  the  aldehydes  of  the 
methyl,  vinyl,  and  phenyl  series  of  alcohols. 

The  Acids. — Law  of  basicity  of  organic  acids. 

Monobasic  adds :— ^Acetic  or  fatty  series.  Acrylic  or  oleic  series. 
Lactic  series.  Pyruvic  series.  Glyoxylic  series,  fienzoic  or  aromatic 
series. 

Dibasic  acids  : — Succinic  series.  Fumaric  or  acryloid  series.  Malic 
or  lactoid  series.   Tartaric  or  glyoxyloid  series. 

The  Anhydrides.— DeGmHon  and  constitution  of  the  anhydrides. 
Formation  and  re-actions  of  the  anhydrides  of  monohydric  monobasic 
acids,  dihydric  monobasic  acids,  and  of  dihydric  dibasic  acids. 

The  Ketones. — Derivation  and  constitution  of  the  ketones.  Prepara- 
tion and  properties  of  acetone. 

Ethereal  Salts. — Ethereal  salts  of  dibasic  and  tribasic  acids,  and  of 
monacid,  diacid,  and  triacid  alcohols. 

Organic  Compounds  containing  Nitrogen,  Phosphorus,  Arsenic  and 
Antimony. —  The  more  important  natural  and  artificial  alkaloids.  Ex< 
traction  of  quinine  from  cinchona  bark. 

Organometallic  Bodies. — Definition.  Their  behaviour  and  formation. 
Preparation  and  properties  of  zincic  ethide,  mercuric  ethide  and  stannic 
ethide. 

The  evidence  of  a  good  practical  knowledflre  of  organic  analysis,  and 
of  experimental  manipulation  will  be  rewarded  by  special  extra  pay- 
ments. {See  §  XXXIX.  of  the  Directory.)  This  knowledge  wiU  be 
tested  by  questions  set  with  the  ordinary  examination  paper.  In  this 
stage  the  practical  questions  may  indude,  besides  those  enumerated 
ander  the  first  stage,  the  quantitative  analysis  of  organic  bodies  con- 
taining carbon,  hydrogen,  oxygen,  and  nitrogen ;  and  the  preparation 
of  acetylene,  ethylic  hydride,  amylic  alcohol,  phenolic  alconol,  ethylic 
glycol,  glycerin,  ethylenic  oxide,  chloroform,  benzoic  aldehyde,  acrjrlic 
acid,  nuJic  acid,  succinic  acid,  acetic  anhydride,  acetone,  ethylamine, 
And  zincic  ethide. 

Examination  for  Honours. 

In  addition  to  the  above,  the  candidate  should  be  well  acquainted 
with  the  following  subjects : — 

Determination  of  tne  specific  gravity  of  gases  and  vapours.  The 
methods  employed  in  the  analysis  of  gaseous  organic  bodies.  Synthesis 
of  organic  compounds.  Determination  of  the  constitutional  formulae  of 
organic  bodies.  Isomerism,  metamerism  and  polymerism  in  organic, 
belies. 

Organic  Radicals. — Normal,  secondary,  and  tertiary  monad  radicals. 
Isomerism  of  ethylene  and  ethylidene  compounds.  Relations  betwecu 
methyl,  oxatyl  and  cyanogen. 

Hydrides  of  the  Organic  Radicals. — Relations  of  the  positive  monad 
radicals  to  their  hydrides. 

The  Alcohols. — Relations  of  the  normal  monacid  alcohols  to  the 
monad  C^H^^i  radicals,  the  dyad  CbHu  radicals,  and  to  the  hydrides 
of  the  C.  Hjh+i  radicals. 

Secondary  monacid  alcohols.  Isopropylic,  pseudamylic  and  pseudo- 
hea^lic  alcohols. 

Tertiary  monacid  alcohols.    Pseudobutylic  alcohol. 
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Normal  and  secondarjr  alcohols  of  the  phenyl  series. 

Relations  of  glycenn  to  isopropjlic  ana  alljlic  alcohol ;  also  to 
Ijrlyceric^  tartronic,  and  acrylic  acid. 

Other  polyacid  alcohols : — Erythrite,  mannite,  glucose. 

The  Acids, — Difference  hetween  hydricity  and  l^city  of  adds. 

Normal,  secondary,  and  tertiary  fatty  acids.  Relations  of  the  fatty 
acids  to  the  QtHxa  M  series  of  raaicals,  and  to  the  C.Hs.+|Ho  series  of 
alcohols.  Relations  of  the  fatty  acids  to  each  other;  ascent  of  the 
aeries. 

Normal,  secondary,  and  olefine  acids  of  the  acrylic  or  oleic  series. 
Relations  of  the  acrylic  to  the  acetic  series  of  acids. 

Definition  and  classification  of  the  acids  belonging  to  the  lactic  aeries. 
Relations  of  the  lactic  to  the  fatty  and  acrylic  series  of  adds.  Isomerism 
in  the  lactic  series. 

Relations  of  the  pyruyic  series  of  acids  to  the  oxalic  and  lactic  seriea. 

Relations  of  the  glyozylic  series  of  acids  t3  the  glycerin  aencs  ot 
alcohols. 

Constitution  and  classification  of  the  dibasic  acids.  Relations  of  the 
anccinic  series  of  acids  to  the  lactic  and  acetic  series,  and  to  the  glycols. 

Isomerism  in  the  fumaric  series  of  dibasic  acids. 

Tartaric  or  glyoxyloid  series  of  dibasic  acids.  Varieties  of  tartaric 
acid. 

Ck>nstitution  and  classification  of  the  tribasic  acids. 
The  £^efone5.— Isomerism  in  the  ketone  family. 

Organic  Compounds  containing  Nitrogen,  Phosphorus,  Arsenic,  and 
Antimony, — The  amines,  phospbines,  arsines,  and  stibines.  Pritnaiy, 
secondary,  and  tertiary  organic  bases.  Monamines,  diamines,  triamines, 
and  tetramines. 

Organometallic  Bodies. — ^Their  constitution  and  its  bearing  npon  the 
doctrines  of  atomicity. 

Text  Books. 

In  addition  to  such  of  the  \rorks  as  treat  on  Organic  Chemistry 
recommended  in  the  Syllabus  of  Subject  X.,  the  student's  attention  is 
drawn  to  the  following  : — 

Elements  of  Organic  Chemistry,  by  W.  A.  Miller,  8vo.,  24s. 

(London,  Longman,  3rd  ed.,  1866.) 
Lecture  Notes  for  Chemical  Students  (Vol.  II.  Organic  Chemistry),  by 
£.  Frankland,  Svo.  (London,  Van  Voorst,  2nd.  ed.,  nearly  ready.) 


SUBJECT  XII.— GEOLOGY. 

First  Sta.ge  or  ELE3£EirrART  Course. 

Am — yreHtntnaty  Bvlijeota. 

a.  Basis  of  Geology. — Definition  of  the  objects  of  geology.  Waste  of 
land  now  going  on  by  mechanical  causes, — rain,  running  water,  frost, 
snow,  glaciers,  and  by  the  sea.  Origin  of  rounded  pebbles,  ^prains  of 
sand,  and  mud.  Sediments  carried  in  mechanical  suspension  in  riras. 
Deposition  of  strata  now  forming  in  the  sea  and  in  lakes  from  sediments 
fbnned  mechanically.  Other  strata  formed  in  part  or  entirely  of  organic 
remains,  and  how  they  are  preserved.  Proof  tliat  stratified  rocks  gene- 
rally were  formed  by  deposition  from  water,  as  above,  and  that  strata 
have  been  successively  deposited  and  are  of  ages  less  or  more  apart 
Definition  of  the  term  igneous  as  applied  to  rocks. 

b.  Common  Geological  /emw.—Definition  of  **  crust  of  the  earth,**  day, 
•and,  gravel,  shale^  sandstone,  conglomerate,  breccia,  limeatone,  Java, 
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volcanic  ashes,  stratum  or  bed,  a  formation,  group  of  formations.  Re- 
cent, Cainozoic  (tertiary),  Mesozoic  (secondary),  and  Palaeozoic  formations. 
Horizontal,  indined,  vertical  strata.  Anticlinal  and  synclinal  curves. 
Contorted  strata,  dip,  strike,  outcrop,  a  basin.  Conformable  and  un- 
conformable stratification,  joint,  slaty  deavage,  fiftult,  lode,  vein.  Names 
of  some  of  the  metamorphic  rodts. 

e.  Com^sUion  of  principal  rocks  and  their  common  minerals. — 
Minerals  that  form  granites  and  granitic  rocks;  Syenites,  Diorites 
(greenstones).  Basalts,  Dolerite,  gneissic  rocks,  limestones.  Coal,  what 
originally  formed  from.    Colouring  matter  of  rocks. 

3.  Disintegration  and  Solutions.  —  Disintegration,  and  solutions  of 
minerals  composing  rocks  by  means  of  acids;  mineral  springs,  and 
substances  in  chemical  solution  in  rivers,  lakes,  and  the  sea.  How 
produced. 

e.  Snow  and  Ice. — How  gladers  are  formed  from  snow.  Movement  of 
glaciers  and  transport  of  matter  on  their  surfaces.  Moraines.  Erosion 
of  rocks,  over  which  glaciers  flow.  Icebergs,  whence  derived.  Trans- 
port of  matter  from  cold  to  warmer  latitudes  by  icebergs. 

/.  Rivers. — Cutting  out  of  terraces  and  valleys  by  rivers.  Transp<ai 
of  material  seaward,  and  gradual  growth  of  Deltas. 

ff.  Marine  Denudation,  Transport  and  Consolidation  of  Material  and 
Fossilization. — Waste  of  sea  coasts  by  breakers  and  by  help  of  landslips. 
Rounding  of  pebbles  and  grains  of  sand  on  shores  and  in  streams. 
The  effect  of  long  continued  marine  denudation  on  the  land ;  formation 
of  bays  and  head-lands,  &c.  Distribution  of  sediments  derived  from  land 
over  sea  bottoms,  forming  modem  marine  strata.  Consolidation  of  strata 
by  pressure,  chemical  changes  and  heat.  Preservation  of  shells,  &c.>  ia 
seas,  lakes,  and  delta  deposits,  in  alluviiun,  and  in  and  under  peat,  blown 
sand,  and  volcanic  ashes. 

h.  Central  Heat,  Volcanos,  Earthquakes,  and  other  Movements  of  the 
Earth's  Crust. — The  connexion  of  the  corals  reefs  of  the  Pacific  Ocean 
with  the  gradual  sinking  of  ^e  sea  bottom.  Fringing  reefs,  barrier 
reefs^  atolk.  Volcanos  and  their  connexion  \rith  some  areas  of  up- 
heaval of  land  above  the  sea.  Rused  beaches  and  sea  bottoms.  The 
structure  of  volcanos.  The  wave-like  motion  of  earthquakes.  General 
structure  of  mountain  chains.  The  existence  of  so-called  central  heat  in 
the  earth.  Change  of  common  strata,  such  as  shale  and  slate,  sand- 
stone, limestone,  &c.,  into  mica- schist,  gneiss,  quartz  rock,  crystalline 
limestone.  Sec.  (metamorphism). 

B. — ClaMllloation  of  Animal  and  Vegetable  Xdfe. 

t.  A  rudimentary  acquaintance  with  the  meaning  of  the  names  of 
those  CLASSES  of  animals  and  plants  that  are  or  may  be  found  fossil, 
such  as  Mammalia,  Aves  (birds),  Reptilia,  Pisces  (fish),  Insecta,  Myria* 
poda  (centipeds,  &c.),  Arachnida  (spiders.  Sec),  Crustacea  (crabs,  &c.), 
Annelida  (worms,  &c.),  Echinodermata  (sea-urchins,  starfish,  &c.). 
Cephalopoda  (cuttle-fishes.  Sec),  Pteropoda,  Pulmonata  (land  snails. 
See),  Gasteropoda  (periwinkles,  limpets,  &c.),  Conchifera  (oysters, 
cockles,  &c.),  Brachiopoda  (terebratiUa,  &c.),  corals,  sponges.  The 


k.  Oldest  known  stata  or  the  Laurentian  rocks.  Their  metamorphic 
character.    Oldest  known  fossil.    Huronian  rocks  of  Canada. 

/.  Cambrian  and  Silurian  strata. — Cambrian  rocks,  and  their  traces 
of  fossils.  Lingula  flags  and  Tremadoc  slates.  Llandeilo  and  Bala 
beds,  and  the  lavas  and  volcanic  ashes  associated  ^^i^el^^^oU^^ 
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•dover^r  or  Pentamearua  beds.  Upper  Silurian  sencs.  Leading  kinds 
.of  fo8sila  common  in  these  formations,  such  as  the  genera  of  Grapto- 
lites.  Corals,  Brachiopoda,  Conchifera,  Cephalopoda  (chambered  shells), 
-Echinodermata,  Crustacea  (especially  the  IVilobites),  and  first  appear- 
ance of  fish  remains  and  land  plants. 

m.  Old  Red  Sanclstone  and  Devonian  strata. — ^Ilie  areas  in  Britaia 
that  formed  land  before  the  deposition  of  the  Old  Ked  Sandstone. 
Unconformities  of  Old  Red  Sandstone  on  older  rocks.  Di^dsion  into 
lower  and  upper  Old  Red  Sandstone  and  unconformity.  The  natnre 
of  the  rocks.  llie  fish  found  in  the  lower,  and  the  fish,  fteah- 
water  shells  and  plants  in  the  upper  Old  Red  Sandstone.  Deooman 
strata, — Commonly  divided  into  lower,  middle,  and  upper.  Their  manac 
fauna,  corals,  sheila  bivalve  and  univaJve,  Goniatites  and  other  cephalo- 
poda, Trilobites,  &c.  Difference  between  the  Silurian  and  Devonian 
genera  and  species. 

n.  Carboniferous  strata. — The  ordinary  succession  of  these  strata  in 
Wales  and  the  South  of  England  (See  also  parts  of  16  in  Advanced  Stage). 
The  kinds  of  corals,  shells,  and  fish  found  in  the  Carboniferous  limestone, 
and  other  beds.  The  kind  of  sections  found  in  the  Coal^measwret.  The 
Underclay  generally  below  beds  of  coaL  How  coal  was  fonned  from 
fossilized  pknts.  How  there  came  to  be  many  beds  of  coal  in  one  coal- 
field with  beds  of  shale,  ironstone,  and  sandstone  between. 
.  o.  Permian  formations, — ^Theur  succession  in  England  and  Gennany, 
and  the  proofs  of  their  unconformity  on  the  Carboniferous  strata.  The 
structure  of  the  Rothhegende  or  Breociated  Conglomerates,  the  Marl- 
slate  or  Kupferschiefer,  the  Magnesian  hmestone  (Zechstein).  Hieir 
fossils. 


p.  New  Red  Sandstone  or  Trias. — British  dinsions  :  1  st.  New  Red 
Sandstone  (Bunter);  2nd.  New  Red  Marie  (Keuper).  Continental 
divisions.  New  Red  Sandstone,  Muschelkalk,  New  Red  Marie.  Uncon- 
formity on  Permian  and  older  rocks.  Great  changes  of  life  in  passing 
from  Palaeozoic  to  Mesozoic  times.  Change  in  the  relative  numbers  <rf 
Brachiopoda  and  Conchifera  when  compared  with  Palseozoic  rocks,  and 
continuation  of  this  down  to  present  day.  New  Cephalopoda,  encrinites, 
fish,  and  reptiles.  First  known  mammal.  Plants  of  the  Keuper  sand- 
stone, Crustacea,  reptiles,  &c.  Origin  of  ro::k-salt  by  evaporatioD. 
Gypsum  of  red  marie.  Parts  of  what  is  now  the  British  Islands  that 
formed  land  before  the  deposition  of  the  Trias. 

q.  Rhmtic  or  Penarth  beds.—iSee  19,  p.  7.) 

r.  2>ta«/ormfffion«  a7i(iOo2ite«.--( Jurassic  of  the  continent).  Divisicm 
-into  Lower,  Middle,  and  Upper  Lias,  and  Lower,  Middle,  and  Upper 
Oolites.  The  names  of  the  formations  included  in  eadi  of  these. 
Characters  of  the  rocks.  Great  development  of  life  of  these  periods. 
Leading  marine  fossils  of  the  Lias  and  land  plants  and  insects.  Common 
genera  of  Brachiopoda  and  Conchifera,  Gasteropoda,  Cephalopoda, 
Eohinodermata,  Fisn,  and  Reptiles.  Leading  fossils  of  the  Oolites  as 
above,  and  also  Mammalia.  rroofiB  of  land  in  the  neighbourhood  of  tibe 
British  Liassic,  and  Oolitic  seas. 

*.  Purbeck  and  Wealden  strata.'-Th&T  estuarine  character,  and  proofs 
of  this  from  the  fossils.  Generic  names  of  leading  fossils,  rrooh 
of  the  existence  of  a  neighbouring  large  continent. 


/.  Cretaceous  series.— Bniuh  divisions.  Lower  and  Upper  and  their 
subdivisions.  The  nature  of  the  strata  and  ffeneral  groupmg  of  fossilB  (as 
•in  r  above).  Differences  when  compared  with  Oolitic  genaMndlqe^. 


D.«-Meaosole  or  Beoondary  Series. 

LowBM  Mbsobojc. 


UpphM  Mksozoic. 
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Uppermost  Cretaceous  beds  absent  in  Britain,  vis.  the  Mamtricht  and 
Faxoe  beds  and  the  beds  of  Aix-la-Chapelle.   Account  of  these. 

B. — Calnosolo  or  Tertiary  Series. 

ti.  Eocene  or  Lower  Tertiary. — Meaning  of  the  terms  Eocene,  Miocene, 
and  Pliocene.  Areas  occupied  b^  the  English  and  French  Eocene 
strata,  and  divisions  of  the  English  Eocene  strata.  Their  fossils, 
fireshorater,  estuarine,  and  marine.  Proofe  of  neighbouring  land  in 
freshwater  shells,  plants,  and  terrestrial  mammalia. 

V.  Miocene  or  Middle  Tertiary^  of  Bovey-Traoey,  Mull,  &c.  French 
marine  strata  and  freshwater  and  volcanic  formations.  Hie  kinds  of 
fossils  they  contain.  The  Swiss,  Italian,  and  other  continental  beds. 
The  fioras  of  the  period,  insects,  mammalia,  reptiles,  shells,  &c.  The 
Arctic  Miocene  beds,  and  flora.   Indian  Miocene  strata  and  their  fosails. 

w.  Post-Pliocene  strata.  Crag,  ^c. — Divisions  of  the  British  Crag, 
characters,  and  fossils,  marine  and  terrestrial.  Economic  products. 
Crag  of  Belgium.  Proportions  of  recent  species  in  the  different 
members  of  the  Crag.   Sub-Appenine  strata  and  those  of  SicUv. 

X,  Glacial  period  and  other  strata  later  than  the  Crag. — ^The  Forest 
beds  beneath  the  boulder  clay,  and  the  union  of  Britain  with  the  conti- 
nent, and  its  Flora,  terrestrial  Fauna,  and  shells.  (See  aiso  26,  p.  9.)  The 
glaciers  of  the  glacial  period,  before,  during,  and  after  the  deposition  of 
the  marine  boulder  clays.  The  origin  and  nature  of  the  boulder  clay. 
Other  proofs  of  a  cold  climate,  and  the  marine  and  tenrestrial  Fauna 
of  the  period. 

Seookd  Stage  or  Adyancbd  Course. 
Am — Prellmtnary  Bvbjeeta  or  Prlnoiples. 

1.  All  contained  in  a  of  the  elementary  stage. 

2.  All  contained  in  b. 

3.  All  contained  in  c,  and  the  chemical  constituents  of  silica,  various 
felspars,  micas,  augite,  diallage,  hornblende,  garnet,  obsidian,  pitchstone, 
pumice.  Limestone,  Magnesian  limestones  or  Dolomite.  Coals,  such  as 
common  house  and  fiimace  coals,  cannel  coals,  and  anthracites.  Iron 
ores.  The  colouring  matter  of  rocks.  The  general  relative  proportions 
in  the  known  crust  of  the  earth  of  mineral  substances,  such  as  silica» 
alumina,  lune,  magnesia,  iron,  &c.  &c. 

4.  Chemical  disintegration. — Chemical  disintegration  of  rocks  on  a 
larf^e  scale ;  formation  of  kaolin,  fireclays  and  other  clajrs  and  shales. 
Origin  of  mineral  springs,  and  substances  in  solution  in  nvers,  seas,  and 
other  waters.  Skeletons  of  shell  fish  and  other  marine  and  fresh  water 
animals,  whence  derived,  and  how  strata  are  formed  of  these. 

5.  Effects  of  snow  and  ice.  —  What  is  a  glacier,  and  how  formed. 
Change  of  snow  into  solid  ice.  Stratification  and  veined  structure  of 
ice.  Inclinations  of  beds  and  surfaces  of  glaciers.  Why  glaciers  flow. 
Rates  of  progress.  Crevasses.  Moraines,  lateral,  medial,  terminal, 
and  how  they  are  formed.  Erosion  of  rocks  under  glaciera  and  its  results. 
Flow  of  water  from  lower  ends  of  glaciers.  Destruction  of  terminal 
moraines,  and  circumstances  that  induce  their  occasional  preservation. 
Oscillation  of  size  of  glaciers.  Deepening  of  valleys.  Signs  left  by. 
glaciers  that  have  disappeared.  loebogs  of  Arctic  uid  Antarctic  regions 
and  of  South  America;  how  formed.  Ocean  currents.  Transport  of 
matter  by  icebergs,  and  its  distribution  over  existing  sea  bottoms. 
Transport  of  detritus  by  coast  ice  and  river  ice. 

6.  Landslips. — ^Landslips  in  mountainous  and  hilly  regions,  and  land* 
sHps  on  sea  coasts.  Their  effect  in  bringing  matter  witmn  the  influence 
of  nmning  water  and  of  the  sea. 

7.  Rivers.  —  Erosive  and  transporting  power  of  brooks 
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Their  influence  in  fonning  gorges  and  TsDeys.  Origin  of  wBiaialU. 
Amount  of  matter  carried  seawara  by  great  rivers  such  as  the  Nile,  the 
Ganges,  the  Misdssippi,  &c.  The  mode  of  formation  and  gradual 
growth  of  deltas  and  their  possible  age.  Filling  up  of  lakes  bj  sedi- 
ments. General  effects  on  the  form  of  the  ^^round  and  lowering  of  level 
of  continental  and  smaller  areas  by  combmed  effects  of  chemical  dis- 
integration, rain,  rivers,  frost,  snow,  and  glacier  ice. 

8.  Marine  denudation, — Waste  of  sea  coasts  by  breakers  and  land- 
slips. Formation  of  pebbles  and  sand  on  sea  coasts.  Amount  and 
nature  of  waste  of  boulder  days  of  eastern  coasts  of  England,  &e. ; 
of  Tertiary  strata,  and  of  Cretaceous  and  Oolitic  strata  on  east  and 
south  coasts.  Waste  of  harder  rocks  of  west  of  England,  Wain, 
and  Scotland.  Power  of  breakers  in  moving  sand  and  shiii^le,  and 
laige  blocks  of  stone.  Effect  of  prevalent  winds  on  waste  and  tiwna- 
port  of  material  along  shores.  Silting  up  of  estuaries.  Effect  of  groiDa 
and  other  artificial  obstructions  on  coasts.  Warping  of  alluvial  tidal 
flats.  Forms  of  sea  cliffs  and  origin  of  many  bays  and  headlands.  Origin 
of  sreat  plains  of  marine  denudation  by  comoined  action  of  breakers, 
landslips,  and  general  lowering  by  waste  of  the  interior  of  countries. 
Subsequent  upheaval  of  such  plains  and  renewed  scooping  out  of  valleys. 
Origin  of  certain  tablelands  and  their  valleys. 

9.  Distribution  of  Material  in  Sea,  Sfc.  forming  Modem  Strata, — 
Transport  of  matter  by  great  marine  currents,  passing  mouths  of  riven 
and  along  coasts.  Transporting  powers  of  tidal  currents.  Sifting  action 
of  the  sea  in  arranging  sediments  along  its  bottom,  loebeigs  (see  5). 
Modem  formation  by  above  causes  of  beds  of  clay,  sand,  gravel,  and 
boulder  beds,  and  mixtures  of  these.  Volcanic  ashes  falling  in  sea  and 
lakes.  General  formation  of  lacustrine  strata.  Formation  of  beds  of 
limestone  by  organic  bodies  in  seas,  lakes,  and  lagoons.  Coral  reels 
(see  10).  Salts  carried  in  solution  in  rivers  into  «akes,  evaporation  of 
surplus  water,  concentration  and  precipitation.    Origin  of  rock  salt,  &c. 

10.  Fossilieation  and  ConsoUdatim  of  Strata, — Shells  and  other  marine 
organic  remains  buried  in  sediments.  Also  terrestrial  plants.  Wonn 
burrows.  Terrestrial  animals.  Organic  remains  in  lakes  and  river 
deltas,  in  alluvial  beds  and  brickeiuths;  in  and  under  peat,  under 
blown  sand,  and  in  volcanic  ashes  and  under  lavas.  Formation  of 
sediments  by  foraminifene,  &c.  in  deep  seas.  Consolidation  of  atata 
by  pressure,  infiltrations,  and  precipitations,  chemical  decompoaition 
and  recompositaon  and  heat. 

11.  Central  Heat,  Volcanoi,  Earthquakes,  and  other  Movements  of  the 
Earth's  Crust, — ^Theoiy  of  Coral  Reefis.  Fringing  reeiv.  Banter  leefa. 
Atolls,  and  proofs  of  gradual  subsidence  of  the  sea  bottoou  Conneidon 
of  coral  reefs  with  the  volcanic  islands  of  the  Pacific  Ocean  and  areas  of 
partial  upheaval.  Upheaval  of  the  west  coast  of  South  America. 
Osdllations  of  level  on  the  coast  of  the  Baltic,  Greenland,  &c.  Baised 
beaches  and  sea  bottoms. 

Theories  of  central  hM  how  inferred.  Radiation  of  heat  from  the 
earth,  consohdation  and  theory  of  the  formation  and  shrinkage  of  its 
crust.  External  phenomena  of  volcanos,  and  theories  of  volcanic  action. 
Earthquakes.  Mallet's  theoiy,  and  oscillations  of  level  accompanying 
ewthquakes. 

Metamorphism  of  rocks.  Theory  of  slaty  cleavage,  passage  of  shales 
dayslate,  sandstone,  limestone,  and  their  intermediate  gradations  into 
mica-schist,  chlorite-schist,  various  kinds  of  gneissic  rocks,  quarts-nek, 
crystalline  limestones,  &c.  Special  development  of  distinct  minenJa  in 
rocky  masses.  Relation  of  the  above  to  gradual  subsidence  oi  rock 
masses  and  accumulation  of  strata  above  &em.  Origin  of  mountain 
chains.  Disturbance  and  contortion  of  strata  in  successive  stages,  and 
probable  causes  of  these  phenomena.  ^  t 
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B«— OUwslflottttoii  of  Awtmal  and  Vecetalito  Silto. 

12.  All  contained  in  t  of  the  Elementary  stage,  p.  2,  tof^ether  with  a 
l^eneral  knowledge  of  the  orders  of  Mammalia,  Birds,  Reptiles,  Amphibia, 
Fish,  Insects,  &c.,  Crustacea,  Echinodermata,  Cephalopoda,  Pteropoda, 
Pulmonata,  Gasteropoda,  Conchifera,  Brachiopoda,  Polyzoa,  Corals,  &c., 
and  the  classes  and  orders  of  the  vegetable  kingdom. 


13.  Laurentian  rocks  of  Scotland,  and  Lower  and  Upper  Lauientian 
rocks  of  Canada,  &c.  Huronian  rocks  of  Canada.  Their  metamorphic 
character  and  peculiarities  of  structure.  Eozoon  Canadense,  its  nature, 
structure,  and  mode  of  growth.  Ages  of  their  metamorphism,  and  the 
inferences  to  be  drawn  from  this. 

14.  CanUnrian  and  Sibman  strata.  Cambriaii  rocks  and  their  passage 
into  the  Ldngula  flag  series.  Fossils  of  the  Cambrian  rocks ;  their  slatj 
cleavage  and  slate  quarries. 

Lower  SUmrian. — Lingula  flags,  ihtir  lithologrical  character  and  fossils. 
Dremadoc  slates,  their  lithologiosd  character  and  fossils.  Unconformity 
of  the  liandeilo  and  Bala  beds  on  these,  and  break  in  the  succession  of 
life.  Ldandeilo  and  Baia  beds,  their  litholog^cal  character  and  fossils. 
The  igneous  rocks,  lavas,  ashes,  &c.  associated  with  these. 

Upper  Silurian, — Lkmdovery  or  Pentamerus  beds,  their  fossils  and 
nnconformity  on  the  Lower  Silurian  strata,  and  partial  change  of  species. 
Remainder  of  the  Upper  SUurian  strata  of  the  Wenlock  and  Ludlow 
■eries,  their  characters  and  fossils,  ^rst  appearance  of  fish.  Remains 
of  plants.  Reasonings  on  the  connexion  of  unconformable  stratification 
with  partial  or  total  breaks  in  the  succession  of  species  and  genera  in 
time.  (This  may  be  applied  to  all  the  cases  of  unconformity  subse- 
quently noticed.) 

15.  Old  Red  Sandstone  and  DetMrnian  strata. — Passage  of  Upper 
Silurian  into  Lower  Old  Red  Sandstone  in  Wales  and  on  its  borders. 
Disappearance  of  the  life  of  the  Silurian  period.  The  land  that  existed 
in  Scandinavia  and  Britain  before  the  deposition  of  the  Old  Red  Sand- 
stone, and  round  and  on  which  the  Old  Red  beds  were  deposited.  Fish 
of  the  lower  Old  Red  Sandstone  ;  their  distinctive  characters. 

Upper  Old  Red  Sandstone, — Lithological  characters,  fish,  shells,  and 
pkmts.  Unconformity  of  the  upper  on  the  lower  Old  Red  Sandstone, 
and  approximate  or  actual  passage  of  the  former  into  the  Lower 
Carboniferous  strata.  Condition  of  the  waters  in  which  the  Old  Red 
Sandstone  formations  were  probably  deposited.  If  partly  glacial,  and 
the  signs  of  this  ? 

Devonian  strata, — ^The  division  of  these  strata  commonly  made  into 
Lower,  Middle,  and  Upper  Devonian.  The  marked  difference  of  con- 
ditions of  deposit  shown  in  the  general  nature  of  their  fossils,  viz.,  tiie 
fish  of  the  Old  Red  Sandstone,  and  the  Corals,  marine  bivalve  and 
univalve  shells.  Cephalopoda  and  Trilobites  of  the  Devonian  strata. 
The  stratigraphical  relation  of  the  Devonian  strata  to  the  Silurian 
rocks  of  Devon  and  Cornwall,  of  Germanv,  and  North  America. 
The  relation  of  the  so-called  Upper  Devonian  beds  to  the  Carboniferous 
strata.  The  appearance  of  new  genera  and  species  in  the  Devonian 
rocks.   The  plants  of  the  North  American  beds. 

16.  Carboniferous  ^o/a.  —  Succession  of  Carboniferous  strata  in 
Wales,  and  its  borders,  and  l^e  south  of  England,  viz..  Lower 
limestone  shale.  Carboniferous  limestone,  Upper  limestone  shale, 
MiUatone  grit,  and  Coal-measures.  The  lithological  characters  of  these 
and  their  fossils,  marine,  fireshwater,  and  terrestrial.  The  manner  in 
which  the  beds  below  the  Coal-measures  were  accumulated,  Theixumner 


BueoesaioB  of  Btratay  Zfneoiui  Xooka,  4ke. 


C— Valeeoxolo  Bertoa. 


BOB.  XII.— GEOLOGY. 


of  the  formation  of  the  Caal^mtumei,  ike  peooliv  strata  beneath 
each  (or  most)  beds  of  coal,  the  nature  of  the  plants  that  formed  the 
coal,  their  mode  of  growth,  and  the  cause  of  the  succession  of 
beds  of  coal  in  thick  series  of  strata.  The  gradual  passage  of  the 
Carboniferous  strata  into  a  set  of  beds  differently  arranged  in  ih&r 
stratification,  especially  in  their  lower  members,  proceeding  northwards 
through  Lancashire  and  Yorkshire  into  Northumberland,  and  Scotland. 
The  physical  causes  that  produced  this  difference.  Also  the  absence  <tf 
certam  members  of  the  series  in  some  of  the  English,  and  in  part  of  the 
Scotch  coal  fields,  and  the  physical  phenomena  that  caused  this  absence. 
The  Gftrboniferous  series  as  developed  in  Ireland.  The  Carbonifeioas 
rocks  of  the  continents  of  Europe  and  North  America.  Their  resem- 
blances to  those  of  the  British  islands ;  climate,  its  average  uniformity  in 
space  and  time  during  this  epoch.  Tlie  surfiaoe  areas  occupied  by  the 
European  Carboniferous  strata  now.  The  areas  where  tiiev  may  be 
concealed  under  newer  formations.  The  areas  when  originally  formed, 
vix,,  which  th^  spread  over  before  reduced  to  their  pres«st  linuts 
denudation.  The  disturbances  of  the  Carboniferous  rocks,  and  the 
reasons  why  coal  fields  (like  parts  of  many  other  formations)  so  often  lie 
in  basins.  Various  kinds  of  coal,  such  as  the  varieties  of  coal  eommonly 
called  bituminous,  cannel  coal,  and  anthracite.  The  chemical  changes 
that  vegetation  underwent  in  its  passage  into  ooal,  first  on  the  surface, 
and  afterwards  under  pressure.  The  passage  of  "bituminous"  into 
anthracite  coal  and  the  probable  reason,  and  the  ocmnexion  of  this 
subject  with  highlv  disturbed  areas.  Specisiities.  Development  of 
Crustacea  of  the  Carboniferous  rocks  as  distinguished  from  those  of  the 
Devonian  and  Silurian  periods.  Prevalence  of  certain  genera  of 
brechiopoda  and  conchifera»  and  relative  proportions  of  these  in  the 
Carboniferous  rocks  when  compared  with  older  formations.  Fish  sihI 
reptiles  of  the  Carboniferous  rocks.  Footprints,  rain  drops,  land  abeUs, 
and  insects,  and  what  they  indicate.  Ironstones.  Mineral  veins  in 
Carboniferous  limestone  series. 

17*  Permian  formations, — Succession  of  these  in  Britain,  Germany, 
and  Russia.  Ist.  The  Rothliegende,  its  structure,  and  the  evidosoes  of 
the  glacial  agencies  by  which  parts  of  it  were  deposited.  2nd.  The 
Kupersdiiefer  of  Germany  and  Marie-slate  of  England,  with  minenl 
contents,  fish,  &c.  Srd.  The  Magnesian  limestone  (Zechstein),  Its 
mineral  character  and  composition;  its  fossils;  evidence  of  their 
palKosoic  character,  partial  community  of  species,  and  numbers  and 
sise  when  compared  with  the  genera  and  species  of  the  Carboniferous 
limestone.  Cause  of  this.  Unconformity  on  the  Carboniferous  and 
older  rocks;  submersion  of  old  lands  during  its  deposition;  bearinfif 
of  this  on  conglomeratic  and  brecciated  structuro  of  the  Rothliegende 
and  the  general  development  of  the  Me  of  the  period,  including  plants 
and  reptiles. 

1>« — lKaaos#lc  or  Beoondair  Oartas. 

Lower  Mesokoic. 

18.  DifMons  of  Trias,  or  New  Red  Sandstone  series  (see  p,  p.  2). — 
Unconformity  and  great  break  in  succession  of  life  in  passing  firom  Pier- 
mian  to  New  Red  Sandstone.  Great  development  of  Conchifeia  and 
decrease  of  genera  of  Brachiopoda.  The  relation  of  this  to  lapse  of  time, 
.  as  shown  by  unconformity,  and  continued  prevalence  in  later  times  of 
many  of  these  early  Mesozoic  types.  The  generally  unfbssiliferous 
character  of  the  New  Red  Sandstone  beds  (Bunter),  and  ^eir  minor  divi- 
sions in  England.  The  absence  in  England  of  the  Muschelkalk,  and  its 
presence  on  the  Continent.  Its  fossils  (see  p,  p.  2).  The  minor  divisons 
of  the  New  Red  Marie  (Keuper).    Its  fossil  plants  and  reptile  bones  and 
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footprints.  Microlestes.  Rain  drops.  The  rook  salt  of  this  formation, 
and  how  it  was  deposited.  Theory  of  inland  salt  lakes  or  seas  of  the 
present  day,  and  the  bearing  of  this  and  of  the  above-named  marks 
of  rain  drops  and  footprints  on  the  point.  New  Red  Sandstone  of  the 
United  States,  and  numerous  footprmts  of  reptiles  and  impressions  of 
bird-like  feet.  Grpsum.  Those  parts  of  the  British  islands  that  formed 
land  before  and  during  the  New  Red  Sandstone  period. 

19.  Rhetic  or  Penarth  Beds. — Intermediate  between  New  Red  Mark 
and  Lower  Lias.  Gradual  passage  of  nearlj  unfossiliferous  red  nwrles 
into  these  more  fossiliferous  strata.  Character  and  names  of  some  of 
the  common  fossils,  each  as  Avicula  eoniorta,  Ctvrdnm  Rkaticum,  &o. 
Their  affinities  with  Liassic  forms  and  conformable  passage  into  that 
formation  in  Britain. 

-  20.  Lias  formations  and  Oolites,  (Jurassic  of  the  Continent). — Names 
of  the  sevml  formations  of  the  Lias  and  Oolites  between  the  Lower 
Lias  and  the  Portland  Oolite  in  serial  order,  and.  their  grouping  into 
Lower,  Middle,  and  Upper  Lias  and  Oolite.  Lithological  characters  of  the 
Liassic  fonnations.  Fossils  of  the  different  formations.  Plants  and  insects. 
Conds,  brachiopoda,  oonchifera,  gasteropoda,  cephalopoda,  echinoder- 
mata,  cmstaoea,  fish,  and  reptiles.  The  distinctive  characters  of  some 
of  these,  their  relative  nmnbers  compared  with  the  same  classes  in  the 
Falasosoio  rocks.  Nature  of  the  connexion  of  the  lias  with  the 
Infbior  Oolite.  Lithological  characters  of  the  Oolitic  formations  and 
their  uses.  Marine  fossils  of  the  different  formations  of  the  above-named 
classes ;  also  mammalia.  Evidences  of  the  existence  of  older  land  in 
the  neighbourhood  of  the  Liassic  and  Oolitic  seas,  and  of  the  climate 
of  the  period  drawn  from  plants  and  animals.  Names  the  most 
eharaeteristic  genera  of  Lias  and  Oolites,  especially  with  reference  to  thdr 
prevalence,  such  as  the  names  of  the  prevalent  genera  of  brachiopoda, 
oonchifera,  gasteropoda,  and  cephalopoda,  echinodermata»  Crustacea,  fish, 
and  reptiles.  Jurassic  strata  of  the  Continents  of  Europe  and  Asia. 
The  Jura  and  the  Alps,  and  the  fossils  of  Solenhofen.  Disturbance  and 
metaraorphism  of  Jurassic  strata.  Names  of  some  of  the  species  charac- 
teristic of  some  of  the  formations,  and  extent  of  the  conununity  of 
species.  Contrast  the  life  of  these  epochs  with  similar  developments  in 
PalsoKoio  epochs. 

21.  Purbeek  and  Wealdm  strata. — ^Their  general  fresh-water  nature 
and  marine  interstraiifications.  Extent  of  these  formations  in  Englsud 
and  on  tiie  Continent.  Their  characters  and  thickness.  Fossils  of  the 
Porbeck  strata.  Plants,  land  insects,  mammalia,  fish,  reptiles,  univalve 
ftnd  bivalve  shdls,  and  crustaoea*  FonmiIb  of  tiie  Wealden  formations  as 
above.  Evidences  of  the  upheaval  of  extensive  continental  land  of  the 
period,  and  the  manner  in  which  the  Purbeek  and  Wealden  beds  were 
deposited. 

Upfer  Mrsokok, 

22.  Cretaceous  series, — Description  of  the  British  divisions  and  sub- 
divisions. Their  lithological  cnaracters  and  passage  of  Weald  dbay 
into  Lower  Cretaceous  beds  in  the  Wealden  area  and  Isle  of  Wight. 
Fossils  of  the  formations  noticed  in  the  same  wav  as  those  of  the  Oolitic 
strata.  The  Chalk,  by  what  organic  bodies  chiefly  formed.  Comparison 
with  similar  deposits  forming  in  existing  oceans.  Nature  or  flints 
interstratified  with  chalk,  and  vein  and  tabular  flints.  Resemblances 
and  differences  6f  the  genera  arid  species  of  the  Oolitic  and  Cretaceous 
epochs,  and  the  bearings  these  have  on  lapse  of  time  between  the 
deposition  of  the  Portland  Oolite  and  the  commencement  of  the  Ather- 
fleld  clay.  Continental  Cretaceous  geology  generally.  Hippurite  lime- 
stone. 5PP^'  Cretaceous  rocks  unknown  in  Britain.  Maestricbt 
beds  and  Chalk  of  Faxoe  in  Zeeland,  Denmark.  Upp|^^.^{P^e^@^^^ie4^ 
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and  flora  of  Aix-la-Chapelle.  Cretaceous  strata  of  North  and  South 
America. 


23.  Eocene  or  Lower  Tertiary. — ^Meaning  of  the  terms  Eocene,  Mio- 
cene, and  Pliocene  as  used  by  Sir  Charles  LyelL  Grouping  of  greater 
divisions  and  subdivisions  of  the  English  and  French  strata  as  ususUj 
given  in  manuals.  Areas  occupied  bj  the  English  and  French  Eocene 
strata.  Evidence  of  the  upheaval  of  the  Cludk  and  older  strata  of 
Western  Europe  before  the  Eocene  neriod.  Fossils  of  the  Thanet  stnd 
and  Woolwich  and  Reading  beds,  of  the  London  clav,  Bagshot,  Brack- 
lesham,  and  Barton  beds,  and  of  the  Isle  of  Wight  and  Hampshire 
strata  from  the  Headon  to  the  Hempstead  beds  inclusive;  viz.,  plants^ 
foraminifera,  brachiopoda,  conchifera,  and  gasteropoda,  marine,  estna- 
rine,  and  firesh-water ;  cephalopoda,  echinodermata,  cirripedia,  Crus- 
tacea, fish,  reptiles,  birds,  and  numimalia.  The  evidence  shown  by  these 
of  the  manner  in  which  the  different  formations  or  parts  of  formations 
were  deposited;  Ist,  into  three  broad  divisions,  estuarine  and  fluvio- 
marine  below ;  marine  in  the  middle ;  and  fresh  water,  eatuaaine  and 
fluvio-marine  above.  Evidences  of  land  and  its  Xiature  drawn  from 
plants  and  from  mammalian  remains.  Plants  of  the  various  subdivisions, 
and  association  of  plants  in  Hempstead  series  with  Eocene  sheUs  of  lower 
beds.  The  nummulitic  beds  of  England,  the  Continent  of  Europe; 
Asia,  and  Africa.  Evidences  of  climates  of  Eocene  times  as  indicated 
by  shells,  reptiles,  and  plants,  &c.  Original  extension  and  subsequent 
denudation  of  Eocene  beds  in  Britain.   Denudation  of  Uie  Weald. 

24.  Miocene  or  Middle  TerHary  etrata, — British  Miocene  strata  and 
igneous  rocks.  Fossils  of  and  nature  of  the  strata.  French  marine 
and  fresh-water  and  igneous  rocks.  Their  fossils  and  the  mammaUa  of 
the  period.  Miocene  beds  of  the  Rhine,  Switzerland,  Bohemia^  and 
other  parts  of  the  Continent  of  Europe.  Their  divisions,  liliiologieal 
characters,  and  fossils.  The  Alps  and  other  lands  before  the  Miocene 
epoch,  and  the  manner  in  which  the  Swiss,  Italian,  and  other  Miocene 
rocks  were  deposited.  Theory  of  a  glacial  episode  during  Miocene  times. 
Mammalia.  The  Miocene  insects  and  flora,  especially  of  the  British, 
Swiss,  Icelandic,  and  Arctic  regions.  Brown  coal  of  Enghmd  and  the 
Continent.  Disturbances  of  the  Alps  and  Jura  before  and  after  the 
close  of  the  Miocene  epoch.  Miocene  rocks  of  India  and  the  United 
States  and  their  fossils. 

25.  Post-Pliocene  Strata^  Crag,  Sre. — (See  lo,  p.  3)  and  in  addition 
proofs  of  Britain  having  been  joined  to  the  Continent  before  ti&e  Crag 
epoch. 

26.  Glacial  period  and  other  Strata  later  than  the  Crag. — Old  land 
surfiice  of  Britain  later  than  the  Crag  and  Forest  beds.  Hieir  plants, 
mammalia,  and  shells.  The  Glacial  period.  Great  glaciers  before  the 
deposition  of  the  boulder  drift  in  the  northern  and  southern  hemi- 
spheres generally,  and  in  Switzerland  and  other  mountain  ranges  specialiy. 
The  signs  of  this.  Boulder  beds  and  arctic  shells.  Minor  glacios  during 
and  after  the  deposition  of  the  boulder  beds.  Their  signs.  Erosion  of 
valleys  by  ancient  glaciers.  Theory  of  the  formation  of  rock-bound 
basins  by  glaciers  and  of  other  lakes  by  boulder  beds  and  eakers  or 
kaims.  General  nature  of  the  fsuna  of  the  period.  Union  of  the 
British  islands  and  their  union  with  the  continent  before  and  after 
the  glacial  epoch.  Theories  of  the  causes  that  produce  this  glacial 
period  and  of  fflacial  periods  in  general.  Volcanic  rocks  of  the  EiftL 
Loess  of  the  Rhine  and  other  rivers,  brick-earths,  river^^^vels,  and 
alluvia  of  various  ages.  Mammalian  and  other  bones  in  these  in  Europe, 
Asia,  and  America.  Bone  caves  and  Ihe  manner  of  the  preservation  of 
their  fossils.   Relics  of  man  and  his  works  in  caves,  river  d^poeits,  .shell 
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mounds  of  Denmark,  &c.y  and  in  Swiss  and  other  lakes.  Contours  of 
ground  before  and  after  the  ghicial.  period.  Pre-glacial  and  post-glacial 
TaUejB. 

27.  Theories  that  have  been  proposed  to  explain  the  distributian  of 
life  in  individual  formations  and  throughout  the  whole  geological  series, 
or  the  origin,  increase,  distribution,  and  disappearance  of  species  and 
ffenera  commonly  so  called.  The  relations  of  the  life  of  successive 
formations  to  each  other  generallv.  Relations  of  existing  faunas  and 
floras  of  the  world  to  those  of  Miocene,  Pliocence,  and  Post-pUocene 
age. 

28.  Water-bearing  strata  and  underground  drainage.  Artesian  and 
other  wells.  Rocks  in  which  ores  are  found,  and  mode  of  occurrence 
of  those  in  beds,  lodes,  and  superficial  detritus.  The  rules  that  ought 
to  guide  the  miner  in  sinking  for  coal  and  other  minerals,  when  the 
beds  in  which  they  lie  are  concealed  by  overlying  and  unconformable 
strata. 

Examination  for  Honours. 

In  addition  to  the  foregoing,  candidates  may  be  examined  in  any  sub* 
jects  treated  of  in  standard  manuals  and  other  books  mentioned  below. 

Tbxt  Books. 
The  following  may  be  used  as  text-books : — 

Prineiplei  of  Geology,  by  Sir  C.  Lyell,  2  vols.,  8vo.,  32$. 

(London,  Murray,  10th  ed.,  1868.) 
Elements  of  Geology ,  by  Sir  C.  LyeU,  8vo.,  18s. 

(London,  Munay,  6th  ed.,  1868.) 
The  Students  Mamud  of  Geology,  by  J.  B.  Jukes,  8vo.,  12«.  6d. 

(London,  Longman,  2nd  ed.,  1862.) 
The  School  Mannal  of  Geology,  by  J.  B.  Jukes,  12mo.,  4«. 

(London,  Longman,  1863.) 
Introductory  Text-book  of  Geoiogy,  by  D.  Page,  8vo.,  2$. 

(Edinburgh,  Blackwood,  7th  ed.,  1867.) 
Adoanced  Text-book  of  Geology,  by  D.  Page,  8fro.,  7s,  6d. 

(Edinburgh,  Blackwood,  4th  ed.,  1867.) 
Physical  Geography  and  Geology  of  Great  Britain,  by  A.  C.  Ramsay, 
dvo.,  5s.  (London,  stamped,  2nd  ed.,  1864.) 

Popular  Physical  Geology,  by  J.  B.  Jukes,  16mo.,  5s. 

(London,  Routledge,  1866.) 
Text-book  of  Geology,  by  J.  D.  Dana,  12mo.,  7s.  Gd. 

(PhUadelphia,  1864.) 

Manual  of  Geology,  by  J.  D.  Dana,  8vo.,  21s.     (PhUadelphia,  1863.) 
A  Handbook  of  Geological  Terms,  by  D.  Page,  dvo.,  7s.  6d, 

(Edinburgh,  Blackwood,  2nd  ed.,  1865.) 
Recent  and  FbssU  Shells,  by  S.  P.  Woodward  (Weale's  series),  18mo., 
6s.  €d.  (London,  Weale,  1851.) 

Glossary  of  Mineralogy,  by  H.  Bristow,  8vo.,  6s. 

(London,  Longman,  1867.)' 

Other  books  that  may  be  consulted : — 
Sihiria,  by  Sir  R.  1.  Murchison,  8vo.,  30s. 

(London,  Murray,  4th  ed.,  1867.) 
ihologieal  Observer,  by  Sir  H.  De  la  Beche,  8vo.,  18s. 

(London,  Longman,  1853.) 
Voyage  of  a  Naturalist  round  the  World,  by  C.  Darwin,  8vo.,  8s.  6d. 

(London,  Murray,  1845.) 
The  Origin  of  Species,  by  C.  Darwin,  8vo.,  15s. 

(London,  Murray,  new  ed.,  1866.) 
26900.  H 
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Catalogue  of  British  Fossils,  by  J.  Morris,  Bvo.,  lOs. 

(London,  Van  Voorst,  1843.) 
Chart  of  the  Characteristic  British  Tertiary  Fossils,  hj  J..  W.  Lowiy, 

mounted  on  linen,  10;.  (London,  Stanford.) 

Chart  of  the  Genera  of  Fossil  Crustacea,  by  J.  W.  S^ter  and  H. 

Woodward,  mountea,  10*.  6rf.  (London,  Stanford.) 


SUBJECT  XIIL— MINERALOGY. 

First  Stage  or  Elsmrntary  Coursb. 

A.  Instruction  in  this  subject  should  commence  wkh  a  diatinel 
understanding  of  the  characters  and  circumstances  by  which  minefak, 
properly  so  called,  are  to  be  distinguished  from  other  inof^fanie  nib- 
stances,  and  of  the  position  of  this  science  in  relation  to  the  collateral 
sciences  of  physics,  chemistry,  and  geology.  Definitions  of  a  mineral, 
a  crystal,  and  of  the  conditions  tormed  ciystalline  and  amorphous. 
Occurrence  of  other  more  or  less  regular  forms  not  crystals.  Distinction 
of  compound  masses  or  mixtures  of  minerals. 

B.  Crystallography,  as  the  essential  means  of  appreciating  the  forms 
naturally  assumea,  under  favourable  conditions,  by  almost  iJl  inorganic 
bodies  of  definite  composition,  must  commence  with  the  needful  defini- 
tions ;  fcices,  edges,  and  solid  angles ;  plane  figures  of  three,  four,  five, 
six,  and  eight  sides ;  the  names  and  chief  features  of  the  more  important 
geometrical  solid  figures  which  occur  among  crystals;  the  object  of 
referring  the  faces  to  systems  of  axes,  and  the  various  direotiou  in 
which  these  may  be  placed. 

Method  of  drawing  crystals  isometricallv. 
Relation  of  the  hemihedral  to  holohedral  forms. 
The  grounds  for  grouping  the  various  crystal  forms  into  mx  ^sins. 
Laws  by  which  the  derivation  of  one  form  from  another  within  the 
limits  of  tiie  same  system  is  determined. 

.  Complex  or  modified  crystals  may  be  regarded  as  combinations  of  the 
faces  01  two  or  more  simple  forms. 

The  leading  fig^ures  of  the  six  systems  to  be  studied,  with  frequent 
practice  in  drawing. 

•  Twin  crystals  and  hemitropes;  the  relative  position  of  the  axes  of 
their  several  portions. 

\-  Irregularities  to  which  the  surface  of  crystal  faces  is  subject,  ooiain 
angular  elements  remaining  constant ;  measurement  of  these  latter  hy 
instruments.  Principles  of  the  contact  goniometer  and  of  Wollaston*s 
goniometer. 

C.  Aggregation,  or  natural  grouping  of— Istly,  the  distinctly  ctystol- 
lieed  minerals ;  ^ndly,  of  the  crystalline  mmerals,  especially  with 
reference  to  structure  and  general  form  of  masses  of  the  uaefol  nunoals 
and  of  crystalline  rocks. 

D.  ^  Other  physical  properties. — The  cleavage  of  crystallised  SttbafesiiDes, 
and  its  relation  to  crystalline  form.  Fracture,  its  various  characten. 
Comparative  hardness,  how  beat  determined.  Different  qualities  of 
tenacity.  Specific  gravity  of  solids,  how  determined ;  the  balance^  the 
arseometer.' 

I'roperty  of  magnetism;  what  substances  are  capable  ol  being 
attracted  by  a  magnet,  and  what  is  the  comparative  mtensity  of  the 
effect.  Polarity.  Influence  of  certain  minerals  disseminated  in  rocks  on 
^the  correctness  of  surveys. 

Peculiarities  of  smell  and  of  taste  which  distinguish  a  limited  nnmber 
of  minerals. 
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.   £.  Optical  ekaraeter$.^Sinf(iB  and  double  re&adaon,  and  their  rela- 
tion to  certain  oyatallographical  systems. 
Different  degrees  of  lustre  anc^  tnuisparency. 

Colour  essential  in  some  species,  not  so  in  others ;  varieties  of  colour, 
how  iStf  they  aie  capable  of  definition. 

Phosphorescence  as  produced  by  different  methods  and  exhibited  by 
certain  minerals. 

F.  Chemical  eharaciers, — Simple  or  elementair  substances;  some  of 
them  occur  as  minerals  ;  their  symbols  and  the  derivation  of  the  same. 
Equivalents ;  chemical  combinations ;  principal  groups  of  these  occur- 
ling  in  the  mineral  kingdom. 

Uxmoiphism  of  particular  substances,  accompanied  by  a  difference  in 
other  physical  characters  besides  form. 

The  emplojrment  of  acids  in  the  discrimination  of  minerals. 

The  blowpipe,  its  form  and  uses ;  the  reducing  and  the  oxidiiing 
Barnes.  IVial  comparative  fusibility,  of  the  colour  given  to  the 
flame,  the  incrustation  on  charcoal ;  the  effects  of  fusing  various  metallic 
oxides  with  beads  <^  borax  glass. 

.  PMudomorpkim,  —The  phenomena  presented  by  minerals  which  have 
the  composition  of  one  mineral  coupled  with  the  form  oi  another. 
Analofi^ous  action  of  fossUisation  or  petrifaction. 

G.  General  re(]uirements  of  a  system  of  classification  of  minerals. 

H.  The  phvsiogrophv  or  svstematic  description  of  minerals.  This 
last  division  snould  include  all  the  more  remarkable  varieties  as  well  as 
species,  and  should  take  especial  note  of  the  modes  and  places  of  occur- 
rence, as  well  as  of  the  association  of  particular  groups  of  minerala  in 
certain  veins  or  formations.  Vague  statements,  such  as  giving  the 
the  locality  of  a  mineral  "  Germany  "  or  "  North  America,"  should  be 
eschewed. 

It  would  not  be  expected  that  the  elementary  course  should  include 
the  description  of  the  rarer  substances,  or  of  those  species  whose 
characters  are  not  ^et  well  ascertained,  but  attention  shomd  chiefly  be 
giyen  to  those  species  which  form  the  constituents  of  rocks  and  those 
which  as  ores  supply  the  materials  for  the  production  of  the  useful 
metals. 


A.  Discussion  of  the  relation  of  true  minerals  to  other  inorganic  sub- 
stances, and  how  far  bodies  of  organic  origin  may  be  dassed  among 
minerals. 

B.  The  dependence  of  symmetry  in  crystal  forms  on  the  axial  system. 
The  crystallographical  value  of  a  face  is  the  same  as  that  of  any  plane 
parallel  to  it,  on  the  same  side  of  the  centre  of  the  crystal.  Position  of 
the  normals  to  a  face.  The  methods  of  indicating  the  faces,  and  thence 
the  mtire  forms  of  crystals  by  symbols.  Drawing  of  a  sphere  of  pro- 
jection in  which  the  poles  of  the  cr3rstal  faces  may  be  shewn.  Con- 
venience of  representing  in  a  great  oirole  the  poles  of  a  zone  of  faces. 
The  magnitude  of  the  angle  between  the  normals  being  the  supplement 
of  the  mutual  inclination  of  the  planes,  the  first  kind  of  measurement 
(f  .e.  between  the  normals)  is  adopted  by  certain  authors,  and  is  easily 
reducible  into  the  other  kind.  Statement  of  the  angular  and  linear 
dimensions  requiring  to  be  determined  for  the  description  of  the  simple 
forms  of  all  the  systems  after  the  cubical. 

Twin  crystals,  the  twin  plane,  and  twin  axes ;  examples  of  their  posi- 
tion in  important  minerals  of  the  several  systems. 

C.  Reticalated,  wiry,  and  capillary  forms,  explanations  suggested  for 
their  formation.   Other  peculiarities  in  grouping. 


SscoND  Stack  or  Advanckd  Coubsb. 


108 


SUB.  Xni. — ^MINERALOGY. 


D.  The  prevailing  directions  of  deayage  in  the  seTml  csyatallognphi- 
cal  systems. 

Determination  of  the  specific  gravity  of  a  substance  contaaned  in  a 
mechanical  mixture. 

Electricity;  by  what  means  this  property  is  exhibited  in  different 
minerals. 

£.  Refraction  of  light ;  different  positions  of  the  ordinary  and  ezbrn- 
ordinary  ray  in  doubly-rejfracting  bodies.  Optic  axes  of  a  crystaJ,  their 
variation  in  different  species  of  minerals. 

Polarized  light,  its  connexion  with  double  refraction.  Constrootion 
of  the  polariscope. 

Dichroism  and  pleochroism^  a  remarkable  property  of  some  few 
minerals. 

F.  Character  of  the  chemical  composition  of  the  more  ccnnplex 
minerals. 

The  electro-negative  element  in  chemical  combinations  has  the  pre* 
ponderating  effect  in  influencing  the  external  character. 

Isomorphism,  as  shown  by  Mitschcrlich,  to  residt  from  a  group  of — 
1st,  isomorphous  acids ;  2nd,  of  isomorphous  bases.  Polymeric  isomor- 
phism of  Scheerer ;  its  meaning,  and  the  arguments  in  its  favom*. 
Vicarious  or  irregular  replacement  among  one  another  of  isomorphous 
constituents. 

Testing  of  minerals  in  the  moist  way  simply  practicable  for  qualitatiine 
purposes. 

Treatment  of  various  metallic  ores  before  the  blow-pipes. 

Pseudomorphous  substances  as  arranged  in  groups  according  to  the 
nature  and  degree  of  change  they  have  undergone. 

Discussion  of  anogenic  and  katogeiiic  pseudomorphs,  or  those  which 
have  been  produced  above  by  oxidizing,  and  below  by  reducing  pro- 
cesses respectively. 

Extension  of  pseudomorphous  action  on  a  laige  scale  to**  goasana*' 
and  to  geologica]  formations. 

G.  Methods  of  classification  as  proposed  by  the  leading  aatbon  in 
mineralogy.  Review  of  the  difficulties  caused  in  daasification  by  tlie 
occurrence  of  the  isomorphous  substances. 

Discussion  of  the  means  of  defining  a  species  among  minerals. 

H.  Species  and  varieties  of  minerals  as  described  in  the  best  manuals. 
Their  occurrence  under  various  circumstances  to  be  particulariy  studied. 
The  changes  in  composition  wrought  by  nature  (pseudomorphous  action), 
by  which  one  species  is  converted  into  another,  and  the  essential  pointe 
of  diflierence  between  species  much  alike  in  certain  characters,  will  be 
held  of  much  importance  in  dealing  with  the  minerals  of  special  value 
or  interest.  It  is  not  expected  that  the  memory  should  be  charged 
with  the  details  of  substances  of  very  rare  occurrence,  or  of  doubtful 
independence  as  species. 

Examination  pgr  Honoubs. 

The  questions  will  as  a  ffeneral  rule  be  such  as  are  embraced  in  the 
above  syllabus,  but  candidates  will  be  required  to  prove  a  prartical  ac- 
quaintance with  minerals  and  with  crystu  forms,  and  will  need  to  have 
studied  some  of  the  more  advanced  works  mentioned  below. 

Text  Books. 
As  text-books  may  be  mentioned— 

Elementary  Course  of  Mineralogy  and  Geology,  by  D.  T.  Ansted, 
8vo.,  12*.  (London,  Van  Voowt,  1856^) 
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EkmenU  of  Mineralogy,  by  Jas.  Nicol,  12mo.,  5*. 

(London,  Longman,  new  ed.,  1858.) 
Mantud  qf  Mineralogy,  by  J.  D.  Dana,  8vo.,  /«.  6rf. 

(New  York,  new  ed.,  1860.) 
Glouary  of  Mineralogy,  by  H.  W,  Bristow,  8vo.,  6s. 

(London,  Longman,  1867.) 
The  MinerahgisfM  Directory,  by  Townehend  Hall. 

(London,  Stamford,  1868.) 

For  more  advanced  students — 

Elementary  Introduction  to  Mineralogy,  by  Brooke  and  Miller.  8vo. 

iSs.  (London,  Simpkin,  1862.) 

Crystallography,  by  Rev.  W.  Mitchell,  in  Orr's  "  Circle  of  the 
Sciences.     8vo.   3s.  (London,  Gnffin.) 

System  of  Mineralogy,  by  J.  D.  Dana,  8vo.,  36^. 

(New  York,  5th  ed.,  1868.) 
Introduction  to  the  use  of  the  Blowpipe,  by  Scheerer,  translated  by 
H.  Blanford.  (London,  Williams  and  Norgate,  1856.) 

Elemente  der  Mineralogie,  von  C.  F.  Naumann,  8vo,  9s. 

(Leipzig,  Engelmann,  7th  ed.,  1868.) 
Paragenesis  der  MineraUen,  von.  A.  Breithaupt,  8vo.,  6s.  6d. 

(Freiberg,  Engelhardt,  1849.) 
Handbuch  der  Mineralogie,  von  W.Haidinger,  8vo.,  10s. 

(Vienna^  Bramniiller,  new  ed.,  1865.) 
Manuel  de  Min&alogie,  par  Des  Cloiseaux,  Tome  I.,  8vo.,  17s. 

(Paris,  Dunod,  1862.) 

Manual  of  the  Mineralogy  of  Great  Britain  and  Ireland,  by  Greg  and 
Lettsom,  8vo.,  16s.  (London,  Van  Voorst,  1868.) 

When  it  is  intended  to  teach  this  subject  with  special  reference  to  the 
practical  working  of  minerals,  the  physiographical  part  will  be  occupied 
more  particularly  mth  certain  of  tne  useful  species  and  their  associated  ■ 
substances,  and  the  following  works  may  be  consulted 

The  Metalliferous  Deposits  of  Cornwall  and  Devon,  by  W.  J.  Henwood. 
1843. 

Bischofs  Chemical  and  Physical  Geology,  translated  by  the  Cavendish 
Society,  2  vols.,  8vo.,  21s.  (London,  1864.) 


SUBJECT  XIV.>-ANIMAL  PHYSIOLOQY. 

First  Stags  or  Elementary  Course. 
Questions  will  be  confined  to  the  under-mentioned  topics. 

A.  Anatomical  Preliminaries. 
The  general  build  of  the  human  body. 

The  meaning  of  the  terms  skull,  vertebra,  rib,  sternum;  scapula, 
clavicle,  humerus,  radius,  ulna,  carpus,  metacarpus,  phalanges  (of  the 
hand) ;  pelvis,  femur,  tibia,  fibula,  tarsus,  metatarsus,  phalanges  (of  the 
foot) ;  inteffument,  mucous  membrane,  connective  tissue,  tendon,  liga^ 
ment,  cartikge,  muscle,  nerve. 

The  position  in  the  body  and  the  general  form  and  size  of  the  follow- 
ing internal  parts : — ^The  brain  and  spinal  cord ;  the  pharynx,  the  gullet, 
stomach,  and  intestines  the  salivary  glands,  the  liver  and  pancreas;  the 
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posterior  nares,  the  larynx,  trachea,  and  hmf(8 ;  the  kidneys  and  bladder; 
the  heart  and  the  great  yesaela ;  the  thoracic  duct,  and  the  chief  lymphatic 
glands ;  the  spleen ;  the  diaphragm. 

B.  Chbmical  Preliminaries. 

The  composition  of  air,  water,  carbonic  add,  and  ammonia.  - 

The  chemical  elements  of  which  protdn,  ttA,  and  sugar  are  oomDoaed. 

The  nature  of  the  most  important  minend  compounds  whieb  are 
formed  in  the  body. 

The  ultimate  chemical  products  of  the  decay  and  puMaction  of  the 
dead  body. 

C.  General  View  of  the  Animal  Body  in  Action. 

The  evidence  that  the  body  constantly  wastes  during  life;  the  nature 
of  the  waste  products,  and  of  the  compensation  for  waste ;  the  essential 
characters  of  food  stufh. 

The  part  played  bjr  oxygen  in  the  economy. 

The  number,  position,  and  uses  of  the  sensory  organs. 

The  nature  of  cilia  and  the  movements  to  which  they  give  rise. 

The  physiological  properties  of  muscular  tissue. 

The  modes  in  which  muscles  give  rise  to  movements  and  sostam 
the  body  in  the  erect  posture. 

The  physiological  properties  of  nervous  tissue. 

The  general  Kmctions  of  the  brain  and  of  the  spinal  cord. 

Local  and  general  death. 

D.  Special  Physiology. 
a.  The  circulatory  Organs. 

The  arrangement  of  the  chambers  of  the  heart  and  of  its  valves. 

The  general  differences  between  arteries,  veins,  and  oapiUaries. 

The  course  of  the  circulation  of  the  blood  and  the  reasons  why  the 
blood  moves  only  in  one  direction. 

The  meaning  of  the  beat  of  the  heart,  of  the  pulse  in  the  arteries,  and 
of  the  jet-like  flow  of  blood  from  a  cut  artery. 

The  evidence  of  the  circulation  obtainable  in  the  living  body. 

b.  The  Blood. 

The  phenomena  presented  by  blood  drawn  from  the  body. 
The  general  nature  of  the  corpuscles  of  the  blood. 
The  general  composition  of  the  blood. 
The  difference  between  blood  and  lymph. 

c.  Respiration  and  other  processes  which  modtfy  the  conditiou  qf  the  Bhod. 

The  obvious  differences  between  arterial  blood  and  venous  blood. 
How  venous  blood  can  be  converted  into  arterial  blood  out  of  the 
bodv. 

How  and  where  venous  is  con^^ed  into  arterial  blood  in  the  body. 
How  the  air  which  leaves  the  lungs  differs  from  that  whidi  eaters 
them. 

The  general  nature  of  the  respiratory  movements. 

The  course  of  the  air,  when  breathing  takes  place  through  the  nose. 

The  conditions  which  g^ive  rise  to  asphyxia. 
The  essential  composition  of  the  urine. 

TTie  general  structure  of  the  apparatus  by  which  its  sepawitioa  fnm 
the  blood  is  effected.  ^  r— 
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The  essential  oompoaiiU>n  of  the  sweat. 
The  gencnd  structure  and  functions  of  the  skin. 
The  manner  in  which  the  blood  enters  and  leaves  the  liver. 
The  products  yielded  by  the  liver  to  the  blood  directlj,  and  through 


The  chief  characters  of  the  bile.    The  use  of  the  gaU-bladder. 
The  source  of  the  heat  of  the  body.   The  manner  in  which  the  tem- 
perature of  the  body  is  distributed  and  regulated. 


The  quantity  of  dry  solid  and  gaseous  aliments  required  d^y  by  an 
adult  man. 

The  classification  of  food  stuffs. 
The  economy  of  a  mixed  diet. 

What  becomes  of  proteid^  f&tty,  amyloid,  and  mineral  food  stuffs 
respectively. 

The  nature  and  functions  of  the  salivary,  gastric,  and  paacreatie 
secretions. 

The  manner  in  which  nutritive  matters  are  absorbed,  and  innutritiaus 
matters  excreted,  from  the  alimentary  canal. 


Hie  different  kinds  of  levers  and  their  exemplifications  in  the  body. 
The  nature  of  joints,  with  examples  of  ball  and  socket,  hinge  and 
pivot-joints. 
The  conditions  of  the  production  of  the  voice. 
The  diffefence  between  voice  and  speech. 


The  general  structure  of  the  organ  of  touch. 

The  means  of  measuring  the  acuteness  of  the  sense  of  touch  in  different 
parts  of  the  body. 

The  general  structure  of  the  organs  of  taste  and  of  smell. 

The  external  auditory  passage  and  the  tympanic  membrane. 

The  tympanum  and  how  it  opens  into  the  pharynx. 

The  chain  of  ear  bones  and  their  connection  on  the  one  hand  with 
the  tympanic  membrane,  and  on  the  other  with  the  membrane  of  the 
fenestra  ovalis. 

The  form  of  the  membranous  labyrinth  and  of  the  cochlea.  The 
nature  of  the  endolymph  and  perilymph  and  of  the  otoconia.  The  rela.- 
tion  of  the  auditory  nerve  to  the  labyrinth. 

The  manner  in  which  the  impact  of  sound-waves  on  the  tympanic 
membrane  ailfects  the  auditory  nerve. 

The  eyelids,  and  the  manner  in  which  they  are  moved.  The  lachry- 
mal apparatus.  The  form  of  the  eyeball ;  its  general  structure,  and  the 
functions  of  its  component  parts. 

The  manner  in  which  the  movements  of  the  eyeball  are  effected. 

The  blind  spot.  The  duration  of  luminous  impressions.  Colour- 
blindness. 


The  difference  between  the  cerebro-spinal  and  the  sympathetic  systems. 

The  nature  and  functions  of  the  roots  of  the  spinal  nerves. 

The  evidence  that  the  spinal  cord  is  enable  of  effecting  reflex  action. 


d.  Alimentatum. 


e,  Aninuil  Mechanics, 


f.  The  Senses  and  their  Organs, 


ff.  The  Nervous  System, 
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The  nature  and  functions  of  vasio-motoT  nerves. 
The  most  important  functional  peculiarities  of  the  medulla  oblongata. 
The  evidence  that  the  higher  faculties  of  the  mind  have  their  seat  in 
the  hndn. 

The  number,  names,  and  functions  of  the  cerebral  nenres. 

Second  Stage  or  Advanced  Course. 

In  addition  to  the  preceding,  a  knowledge  of  the  following  subjects 
will  be  required  : — 

a.  The  Circulatory  System. 

The  minute  structure  of  the  organs  of  drculation.  The  manner  in 
which  they  are  supplied  with  blood  and  with  nervous  enei^.  The 
nature  of  the  pericardium. 

The  detailea  analysis  of  the  movements  and  sounds  of  the  heart,  and 
of  the  phenomena  of  the  pulse.  The  causes  of  blushing  and  of  pallor. 
The  influence  of  the  respiratory  movements  on  the  ciieolation.  The 
effect  of  irritation  of  the  pneumogastric  nerve  upon  the  heart's  action. 

The  structure  of  the  lymphatic  vessels  and  glands,  and  tiie  connexion 
of  the  lymphatic,  with  the  blood  vascular,  system. 

b.  The  Blood,  the  Lymph,  and  the  Chyle. 

The  sizes  and  the  structure  of  the  corpuscles  of  these  fluids.  The 
phenomena  which  they  exhibit.  Their  probable  functions.  The  oom- 
position  of  the  blood  in  detail.  The  nature  of  the  process  of  coafirulation. 

c.  The  Respiratory  System, 

The  structure  of  the  thorax.  The  pleurse.  The  struciare  d  the 
respiratory  organs  and  the  distribution  of  the  blood  through  them,  llie 
analysis  of  the  respiratory  movements  in  detail.  The  mechanism  by 
whicn  coughing,  sneezing,  sighing,  and  hiccoughing  are  effected.  The 
physical  and  chemical  processes  involved  in  the  conversion  of  insjnred 
into  expired  air,  and  of  venous  into  arterial  blood.  The  quantity  of 
waste  products  excreted  and  of  oxygen  taken  in  by  the  lungs  in  twenty- 
four  hours.   The  rationale  of  ventilation. 

The  Urinary  System, 

The  minute  structure  of  the  kidney,  ureter,  and  bladder. 

The  circulation  in  the  kidney  and  the  changes  which  the  blood  under- 
goes in  passing  through  it. 

The  quantity  of  waste  products  of  aU  kinds  excreted  by  the  kidn^  in 
24  hours. 

The  Skin, 

The  minute  structure  of  the  skin,  of  the  hairs,  nails,  and  glands  coik 
nected  with  it.   llie  muscles  of  the  hair-sacs. 
The  quantity  of  waste  products  excreted  by  the  skin  in  24  hours. 

The  Liver. 

The  structure  of  the  liver,  and  the  course  of  the  blood  through  it. 
The  arrangement  of  the  ducts  of  the  Uver.  Hie  composition  of  the  bOe^ 
and  the  quantity  of  that  fluid  secreted  daily.  The  functions  of  the  bik. 
The  natuore  and  uses  of  glycogen. 

The  Spleen  and  the  other  Ductless  Glands. 
The  structure  and  probable  functions  of  these  oigans. 
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The  AUmentarf  Canal, 

The  structuie,  fonns,  kinds,  and  succession  of  the  teeth.  The  struc- 
ture and  functions  of  the  saiivaiy  glands.  The  structure  and  functions 
of  the  tongue,  the  soft  palate,  uvula  and  tonsils.  The  pharynx  and  the 
oesophagus  and  the  structure  of  their  walls,  llie  stomach,  its  form ; 
the  structure  of  its  walls ;  its  glands  and  their  functions,  llie  divisions 
of  the  intestine.  The  structure  of  its  walls.  Villi.  Glands.  Peyer's 
patches,  llie  structure  and  functions  of  the  pancreas.  The  peritoneum 
and  the  nature  of  the  mesenteiy. 

The  details  of  th6  digestive  and  absorptive  processes.  The  profits  and 
losses  of  the  economy,  and  how  they  are  balanced  during  health. 

The  Muscular  System  and  Animal  Mechanics. 

The  minute  structure  of  fibrous,  cartilaginous,  bony,  and  muscular 
tissue. 

The  physical,  chemical,  and  physiological  properties  of  muscle.  Rigor 
mortis.   The  mechanism  of  standing,  walking,  running,  and  jumping. 

The  structure  and  w<»king  of  the  larynx.  The  mode  in  whicn  con- 
sonantal and  vowel  sounds  and  articulate  speech  are  produced. 

The  Senses. 

The  structure  of  the  papillae  of  the  skin,  and  of  the  tactile  corpuscles. 
The  muscular  sense. 

llie  minute  structure  and  nervous  supply  of  the  tongue  as  a  sensory 
organ. 

The  structure  of  the  olfactory  organ.  The  nature  and  extent  of  the 
air  diambers  connected  with  it.  The  minute  structure  of  the  Schnd- 
derian  membrane  and  of  the  olf&ctory  nerve-fibres.  The  mechanism  of 
smelling. 

The  structure  of  the  ear.  The  external  ear  and  the  muscles  which 
move  it.   The  muscles  connected  with  the  ear  bones  and  their  actions. 

The  minute  structure  of  the  membranous  labyrinth  and  cochlea. 
The  probable  functions  of  these  organs. 

The  minute  structijure  and  the  properties  of  the  various  constituents 
and  coverings  of  the  eyeball.  Complementary  colours.  Phosphenes. 
Purki^je's  figures.  Adjustment.  ReguUktion  of  light.  Double  vision 
with  one  eye. 

Sensations  and  Judgments, 

The  notion  of  roundness.  Subjective  sensations.  Ventriloquism. 
Erect  vision.  Double  vision  and  single  vision  with  two  eyes.  Judg- 
ments of  distance  and  fonn.   The  pseudoscope  and  the  stereoscope. 

T%e  Nervous  System. 

The  structure  of  ganglionic  corpuscles  and  of  nerve  fibres. 

The  structure  of  the  investments  of  the  brain  and  spinal  cord. 

The  minute  structure  of  the  spinal  cord,  llie  general  disposition  of 
the  histological  elements  of  the  brain. 

The  names  and  positions  of  the  larger  divisions  of  the  brain  and  of 
its  ventricles. 

Hie  origins  and  functions  of  the  spinal  and  cerebral  nerves  in  detail. 
The  effect  of  cutting  the  spinal  cord  in  various  ways,  and  of  injuries 
to  the  medulla  oblongata. 

The  effect  of  removing  the  hemispheres  of  the  brain. 
Unconscious  cerebration  and  acquired  reflex  action. 
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llie  structan  of  the  ovum  and  of  the  Bpermaiozoon. 
The  process  of  yelk  division. 

The  formation  of  the  blastoderm  and  the  development  there&om  of 
the  body  of  the  embryo,  with  amnion,  allantois,  and  yelk  sac. 
The  nature  of  the  chorion,  of  the  deoidua,  and  of  the  placenta. 
The  mode  in  which  the  foetus  is  nourished. 

The  development  of  the  heart  and  the  foetal  circulation.   The  changes 
in  the  circulation  which  take  place  at  birth. 
The  lacteal  glands  and  lactation. 

The  modifications  in  the  proportions  of  the  body  from  birth  to  adult 
age. 

The  general  modifications  in  the  condition  of  the  skeleton  from  its 
earliest  appearance.   The  notochord.   The  process  of  ossification. 
The  thymus  and  thyroid  glands. 
The  two  dentitions. 


Examination  for  Honoubs. 

Candidates  will  be  examined  in  any  subject  treated  of  in  the  standard 
English  works  upon  Physiolqgv,  such  as  Carpenter's  Primaples  of 
Hwnan  Physiology,  and  Marshall's  Outlines  of  Huwum  amd  Compmtive 
Pkysioloffy. 

TcxT  Books. 
For  the  elementary  stage — 

Lessons  in  Elementary  Physiology,  by  T.  H.  Huxley,  18mo.,  As.  €d. 

(London,  Macmillan,  I66B.) 

Fat  the  advanced  stsge,  in  addition  to  the  above : — 

A  Manual  of  Physiology,  by  W.  B.  Carpenter,  12mo.,  12«.  6d. 

(London,  Churchill,  4th  ed.,  18^.) 
Handbook  i^f  Physiology,  by  W.  S.  Kirkes,  8vo.,  12s.  6d. 

(London,  Walton  and  Mabeiiy.} 
A  Description  of  the  Human  Body,  its  Structure  and  Fknctions,  bf 
J.  Marshall,  2  vols.,  4to.  2\s.  (London,  A.  Tarrant,  2nd  ed.,  1870.) 


SUBJECT  XV.— ZOOLOGY. 

N.B. — Students  should  have  been  instructed  in  the  elements  of  phy- 
siologv  before  commencing  the  study  of  Zoology.  After  May  18^^  no 
candidate  will  be  passed  in  Zoology  unless  at  the  same,  or  at  a  prenkms, 
examination  he  has  been  passed  in  the  elementaiy  stage  of  Animal 
Physiology. 

First  Stage  or  Elbmentary  Course. 
Questions  will  be  confined  to  the  following  topics : — 
The  characteristic  and  distinctive  features  of  the  following  groups  of 

anhnals:-rerf«6r«#a.  Mammalia,  Aves,  RgptUia,  An^kUna,  Piwces. 

Arthropoda,  Insecta,  Myriapoda,  Arachnida,  Crustacea,  Auneiida,  Edd- 
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uodermaia,  BoHfara,  Infiaoria,  Spongida,  Foramimfera,  CeOenierata, 
EfydroMoa,  Actinogoa,  Polygoa,  Brae]iojH)da,  Lamdlibranekiata,  Pmlmo- 
gasteropoda,  Branchio^asteropoda,  Cephalopoda, 

(CandidateB  will  be  expected  to  be  able  to  refer  any  Britiab  memiber  of 
one  of  these  groups  to  its  proper  gronp.) 

The  general  nature  and  arrangement  of  the  skeleton  (or  hard  parts)  in 
Forammfera,  Spongida^  Hgdrozoa,  AcHnoBoa,  Brachiopoda,  LcmeUibran^ 
ekiata,  Oasteropoda,  Bchinodermata,  Arthropoda,  Vertebrata, 

The  general  nature  and  working  of  the  aJimentaiy  apparatus  observed 
in  In^Moria,  Hgdrozoa,A(^ozoa,Polgzoa,Qasteropoda/AnneUda,Artkr&' 
poda,  Pitees,  Aves,  MammaUa. 

The  general  structure  and  working  of  the  organs  of  circulation  and 
respiration  in  Lamellibranekiaia,  Gasteropoda,  Cntstaeea,  AraekiUda, 
Inseeta,  Pisces,  An^hilna,  ReptiUa,  Aves,  MammaUa, 

The  general  nature  of  the  nervous  system  in  Botifera,  Eckmodermata, 
AtmeliSa,  Arthropoda,  Polysoa,  LameUihranehiata,  Vertebrata, 

The  principal  characters  of  the  organs  of  hearing  in  LameUihranekiata, 
Crasiaeea,  IHsees,  and  Mammaiia!  and  of  the  organ  of  sight  in  AtmeUda, 
Araokmda,  Inseeta,  Gasteropoda,  and  Vertebrata, 

The  general  nature  of  the  process  of  development  in  Hgdrozoa, 
Lamdlwranekiata,  Crustacea,  Inseeta,  An^hibia,  and  Aves. 

Tbxt  Books. 

A  Manual  qf  Zoology.  Vol.  I.  Invertebrate  Animals.  By  H.  A. 
Nicholson.   Crown  8vo.    7s.  6d.   Blackwood  and  Sons. 

Introduction  to  the  Class^cation  of  Animeds.  By  T.  H.  Huxley, 
LL.D.,  F.R.S.   8vo.   6s.   Qiurohill  and  Sons. 

Second  Stags  or  Advanckd  Course. 

Questions  ma^  be  set  in  all  sulgecte  enumerated  under  the  Elementary 
Stage^  and  in  addition  on  the  following  topics : — 

The  characters  and  distinctive  peculiarities  of  the  Nematoidea,  Acan-* 
thocephala,  Turbellaria,  Trematoda,  Ascidioida  (or  T\inicata),  Pteropoda, 
Badiolaria  (or  Polycistina),  Gregarinida,  Bhizopoda  ;  and  of  the  principal 
subdivisions  (orders)  of  the  Mammalia,  Aves,  BeptUia,  Amphibia^  Pisces, 
huecta,  Arachnida,  Crustacea,  Annelida,  Echinodermata,  Hydrozoa, 
Actinozoa,  Brachiopoda,  LamelUbranehiata  Gasteropoda,  Cephalopoda, 

Beference  of  any  specimen  to  ite  proper  class  and  order. 

The  most  important  modifications  of  the  vertebrate  skeleton  obser>'- 
able  in  PhttrynaobranchU,  MardpobranchU,  Elasmobranchii,  Teleostei, 
Chelonia,  Ophidia,  Aves,  Monotremata,  Marsupialia,  Cetacea,  Cheirop- 
tera, Ungulata,  Simiada,  Man. 

The  leading  modifications  of  the  appendages  of  the  body  and  head  in 
the  Arthropoda. 

The  structure  of  the  test  in  Sehinms,  Uraster,  and  Comatula  (Antedon), 

The  atmeiure  and  nomendlature  of  the  parte  of  the  ^11  in  Brachio- 
poda, Lamel&branchiata,  Gasteropoda,  and  Cephalopoda, 

The  structure  of  the  corallum  m  the  Actinozoa, 

The  structure,  succession,  and  chief  forms  of  the  teeth  in  Mam- 
malia. The  dentel  formula  of  Man,  of  old  and  new  world  apes ;  of  the 
hedgehog,  the  dog,  the  cat,  the  horse,  the  ox,  the  pig,  the  rab^t,  and 
the  rat. 

The  structure  and  mode  of  formation  of  ''whalebone.'' 
The  structure  and  movemente  of  the  beaks  of  Aves  and  Chelonia. 
The  poison  fluigs  of  snakes  and  the  mechanism  by  which  they  are 
moved. 
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The  teedi  of  ordinaiy  fishes,  of  sharks,  n/s,  Chimera,  and  lamprqrs. 
Hie  alimentaiy  apparatus  of  the  Ruminantia,  and  the  mode  in  whidk 
it  works. 

The  leading  forms  assumed  by  the  circulatoiy,  tespiratory,  renal, 
hepatic,  and  salivary  omns  in  the  animal  series. 

The  modifications  of  the  brain  and  of  the  sensory  organs  in  the 
Vertebatat  Arthropoda,  Cephalopoda,  and  Gasteropoda, 

The  leading  forms  of  the  reproductive  apparatus,  with  the  general 
process  of  development,  in  Mammalia,  Ave$,  ReptUia,  AmphMa^  Pitoet, 
Artkropoda,  Annelida,  Echinodermaia,  Drematoda,  Tteniada,  Spcmgida, 
Ceslenterata,  Lamellibranchiata,  Pulmo-4fa8teropoda,Branchio^asteropoda^ 
Cephakpoda. 

The  distribution  of  animals.  The  principal  forms  of  animal  life 
characteristic  of  Australia ;  of  South  America^  with  Meadoo  ;  of  AAica, 
south  of  the  Sahara;  of  Hindostan ;  of  Central  Asia,  with  Europe  and 
North  Africa;  of  America,  north  of  Mexico;  of  the  Atiaotic,  the  Indo- 
Pacific,  the  Arctic  and  Antarctic  Oceans. 

Hie  broad  facts  relating  to  tiie  succession  of  animal  life  upon  the  gkibe. 

The  natural  history  of  the  animals  which  supply  arlidea  of  oom- 
merce. 

Examination  for  Honours. 

In  this  examination  questions  will  be  set  at  the  discretion  of  the 
Examiner,  who  will  have  regard  to  the  state  of  Zoological  teaching  in 
the  country  and  the  means  of  acquiring  information. 


SUBJECT  XVI.— VEGETABLE  ANATOMY  AND  PHYSIOLOCr. 

The  examiner  in  botany  finds  that  the  number  of  candidates  in 
vegetable  physiology  is  always  much  greater  than  in  systematic  botany. 
He  ventures  to  suggest  to  the  teachers  that,  considering  the  age  of  most 
of  their  pupils,  it  would  be  better  to  begin  with  systematic  botany,  and 
not  to  teach  vegetable  physiolc^  till  the  pupil  has  passed  the  first 
stage,  at  least,  of  Subject  XVII.  The  teaching  would  thus  be  more 
practical,  and  would  be  confined  chiefly  to  the  plants  of  the  district  and 
to  the  common  garden  plants. 

The  teaching  should  be  carried  on  in  the  field,  if  possible,  or  in  any 
case  by  means  of  fresh  specimens  rather  than  drawings. 

I.  First  Stage  or  Elementary  Course. 

Distinctions  between  flowering  and  flowerless  plants.  Growth  of 
flowering  plant  from  seed.    Plumule,  radicle,  cotyledons. 

Ascending  and  descending  axis :  axial  and  appendicular  oorgaiu. 

Cells:  Parenchyma*  proeenohyma*  ducts,  spiral  vessels.  Vaaoulsr 
bundles. 

Structure  and  growth  of  root.  Spongioles. 
Structure  of  stem.   Pith,  wood,  bark,  medullary  rays. 
Epidermis.    Hairs,  prickles. 

Nature,  position,  and  development  of  leaf  buds :  branches  and  spines. 
Venation  and  structure  of  leaves.  Stomates. 
Floral  oigans,  protective  and  essential.   Sexes  of  plants. 
Structure  and  dehiscence  of  anthers.   Structure  of  pollen  gxiin. 
Evolution  and  course  of  pollen  tube. 
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Stigma.  Ovule :  nadeus  and  coats,  fonmen.  Anatropous  can^lo* 
taropous  and  orthotropoiu  ovules.   Impregnation.   Embiyo  sac. 

Seed:  hilum»  chalaxa»  rhaphe.  Albumen.  Embryo:  monoooiyle- 
donons  and  dicotyledonous. 

Food  of  plants.  CouvBe  of  sap,  osmose,  exhalation,  respiration  (by 
day  and  ni^nt),  assimilation.   Cambium  layer. 

Composition  of  cellulose,  starch,  suffar,  gum,  gluten,  chlorophyll. 

In  the  earUer  course  these  subjects  should  be  taught  quite  g)enmllv,aa 
thry  occur  in  the  ordinary  type  of  structure.  All  excqitions  should  he 
reserved  for  the  higher  course. 

Second  Stags  or  Advanced  Coursx. 

Cell  development  by  division  and  free  cell  formation.  Protoplasm. 
Formation  of  ducts  and  vessels. 
Cell  contents.   Cytoblast  or  nucleus,  secondary  deposits,  air,  ciystals, 

'^'^^ulation  of  fliJds  in  cells. 

Functions  of  ceUs  and  vessels.    Intercellular  spaces,  latex  canals. 
Structure  of  trunk  of  climbing  plants,  and  of  tree  ferns. 
Parasitical  plants ;  leafy  and  leafless,  on  root,  stem,  bark. 
Development  of  leaves. 
Abnormal  fonns  of  stomates. 
Pollen  formation. 
Ovule  of  Loranthaoes. 

Impregnation  and  embiyogeny  of  Conifers  and  their  allies. 

Reproduction  of  Cryptogams. 

Propagation  of  plants  otherwise  than  by  seed. 

Physiology  of  flower;  absorption  of  oxygen,  evolution  of  heat. 

Imtabili^  of  leaves,  tendrils,  stamens. 

Theory  of  manures. 

Differences  between  animals  and  plants. 

Examination  por  Honours. 

Questions  will  be  set  at  the  discretion  of  the  examiner,  who  will  have 
regard  to  the  state  of  botanical  learning  in  the  country  and  the  means  of 
acquinng  information. 

Text  Books. 

See  end  of  next  subject. 


SUBJECT  XVII.-.SYSTEMATIC  AND  ECONOMIC  BOTANY. 

First  Stack  or  Elkmcntary  Coursx. 


Ascending  and  descending  axis. 

Root:  annual,  biennial,  perennial;  fibrous,  tuberous,  tap,  &o. 
Stem :  woody  or  herbaceous ;  erect  or  creeping ;  conn,  bulb,  rhi* 
zome. 

Leaf:  entire  or  variously  cut ;  simple  or  compound;  kinds  of  com* 
poation.   Petiole,  blade. 
Stipules.  Tendrils.  Bracts. 

Inflorescence:   raceme,  spike,  catkin,  umbel,  capitulum,  corymb, 
panicle. 

Flower :  complete  or  incomplete,  uni-  or  hi- sexual ;  regular  or  irre- 
gular. 
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•  €UjzMido(m»Uii:  poly-or  ganio-iepaloM 
deciduous ;  valvate,  imbncKte(r<Nr  twisted  in  estivatioii. 

*  StsMBs:  Bumber  and  nlatiTe  poution;  ijuertioii,  ooheaioiH  Fik- 
menty  tnther. 

Oraiy:  adherent  or  firee;  of  enaorinore  carpelB,uni*offjnultii-looidH; 
number  and  cohesion  of  styles. 

Ovules :  solitaxy  or  numerous ;  erect,  huriiontal,  or  penduknu ;  with 
aadle,  hm  oentral  or  parietal  placentation. 

nruiti  dehiscent  or  indehisoent;  saooolent  or  diy;  drape,  beny, 
achene,  capsule,  legume,  pod. 


Dicotyledonei :  thalalamiflowp,  calydflom,  coroUiflorse,  incomphig. 
Monocotyledones. 

Acotyladones  i  acrogens,  thaUogena. 

Distmctiye  characters  of  the  largest  British  natural  ordsn,  vis. : — 

Ranunculaceae.  Scrophulariaces. 

Griciferae.  Labiatv. 

OsiyophjUeie.  OrohideK. 

Leguniinose.  Liliaoete. 

Rosacese.  Cjperaoeie. 

UmbeUiferse.  Gnminess. 
Compositae. 


The  candidate  will  be  expected  to  know  the  economic  plants  iodi^ 
genous  to  Great  Britain  and  Ireland,  as  well  as  those  oontamed  in  the 
following  list : — 

Wheat.  Gum.  Teak. 

Barlej.  Caoutchouc.  Maple. 

Oats.  Gutta  Percha.  Walnut. 

Rye.  Turpentine.  Opium. 

Rice.  Palm  oil.  Quinine. 

Indian  com.  Cocoanut  oil.  Jakp. 

Pea.  Castor  oil.  Ipecacuanha. 

Bean.  Olive  oil.  Aloes. 

French  bean.  Indigo.  Rhubarb. 

Pasture  Grasses.      Logwood.  Senna. 

Clover.  Madder.  Nutmeg. 

Turnip.  Catechu.  Cloves. 

Mangold.  Galls.  Pepper. 

Hops.  Oak  bark.  Orange. 

Tea.  Cotton.  Vine. 

Coffise.  Flax.  Almond. 

Cocoa.  Hemp.  Peach. 

Chicorj.  Jute.  Plum. 

Tobacco.  Mahogany.  Melon. 

Starch.  Oak.  Cucumber. 

Sugar.  Deal.  Gourd. 

'Vhe  use  of  the  product,  the  part  of  the  plant  affording  it,  the  name 
.and  natural  order  of  the  plant  which  yielos  it,  its  native  country^when 
wild,  and  when  cultivated  the  area  of  cultivation  will  be  expected.to  be 
known. 

Sbcond  Stags  or  Advanced  Coubss. 

-   Modifioations  of  stem  structure  (as  in  cactus,  &c.) 
Modifications  of  leaf  structure :  Fhyllodes,  pitchers. 
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Morphology  of  ofyptogams ;  frond,  thallus^  iheca  or  apoie-caae^  aorus, 

dater,  myodium,  spore,  9cc. 
Fhyllotaxis. 

Theory  of  Inflorescence. 

Metamorphosis  of  flowers. 

Dimorphism  of  flowers. 

Principles  of  classification. 

Natural  family  or  order,  genus,  species,  variety. 

Variations  of  cultivated  plants. 

Characters  of  all  British  natural  orders,  and  of  the  largest  and  most 

important  exotic  orders. 
Classification  of  Cryptogams:   characters  of  ferns,  Lycopodiacess, 

Equisetacese,  musses^  Hepaticse,  Characeae,  Algae,  Lichens,  Fungi. 
Principal  economic  plants  belonging  to  each  natmral  order. 
General  principles  of  geographic  botany. 


Examination  for  Honours. 

Questions  at  the  discretion  of  the  examiner,  who  will  have  regard  to 
the  state  of  botanical  learning  in  the  country  and  the  means  of  acquiring 
infonnatioD. 

Text  Books. 

Asa  Gray.   Lessons  in  Botany.   One  dollar.     (Phinney,  New  York.) 
Balfour.    Outlines  of  Botany.   Fcap.  8vo.   7s.      (A.  and  C.  Bkck.) 
„        Class  Book  of  Botany,   3\s.  6d. 

„  „         „  In  two  parts,  at  \0s.  6d.  and  2\s. 

(A.  and  C.  Black.) 

„        Manual  of  Botany.    \0s.  ed.  (A.  and  C.  Bhick.) 

Bentley.    Manual  of  Botany.    \2s.  6d. 
Henfn^.   Elementary  Course  of  Botany,    \2s.  6d. 

„        BwKments  of  Botany.   3s.  6d.  (Van  Voorst.) 

Lindley.    School  Botany.   5s.  6d.  (Bradbury  and  Evans.) 

Systematic  and  Descriptive  Botany.  3s. 

(Society  for  Diffusion  of  Useful  Knowledge.) 
„         Vegetable  Kingdom.   36s.  (Bradbury  and  Evans.) 

Botany,  Structural,  Physiological.  3s. 

(Society  for  Diffusion  of  Useful  Knowledge.) 
Treasury  of  Botany,  in  two  parts.  \0s.  (Longmans.) 
Oliver.   Lessons  in  Elementary  Botany.   4s,  6d.  (Macmillan.) 


SUBJECT  XVIII.--PRINCIPLES  OF  MINING, 

The  Art  of  Mining  embraces  so  wide  a  field  of  ttudv  that  equal  prao- 
•^cal  proAoiency  in  its  various  branches  is  not  to  be  expected  horn 
persons  engaged  in  diffierent  classes  of  mines,  nor  e<)ual  knowledge  of 
Its  general  features  horn  students  brought  uu  in  distncts  where  only  one 
cor  another  branch  of  the  subject  is  practisea.  The  examination  papers 
wiE.  therefore  contain  a  sufficient  variety  of  questions  to  suit  candidates 
befengiBg  to  either  a  metalliferous  or  a  coal  district. 

Hie  subject  at  large  being  properly  an  art,  or  application  of  various 
'bmaohes  of  science,  and  one  in  which  evei^  question  wiU  admit  of 
various  dej^s  of  proficiency  being  shown  m  the  replies,  the  higher 
numbers  will  be  awarded  only  to  those  answers  which  exhibit  the  greater 
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amount  of  completeness  and  aocumrr.  Curt  and  vague  answen  will  be 
but  of  little  value,  and  exactness  wiU  be  expected  in  all  tfayat  relates  to 
numbers^  prices,  weights,  and  measures. 

Those  who  wish  to  gain  a  ffeneral  knowledge  of  the  topics  for  exanu* 
nation  may  be  recommended  to  direct  their  attention  to  the  subjoined 
heads,  \\z. : — 

First  Stage  or  Elkmsntary  Courss. 

1.  Geology  and  Mineralogy,  more  particularlv  those  portions  of  the 
sciences  which  bear  on  the  following  subjects, — ^the  nature  and 
position  in  the  earth's  crust  of  the  useful  minerals,  the  dawes  of 
rock  with  which  they  are  severally  associated,  the  special  character 
of  heaves,  throws,  troubles,  and  all  kinds  of  dislocation;  ibie  par- 
ticular differences  between  beds  and  lodes,  and  their  minerals,  and 
the  chief  features  of  irregular  repositories. 

2.  The  methods  of  prospecting  and  searching  at  surface  for  ores  and 
other  minerals. 

3.  Breaking  rock  by  manual  labour  alone ;  various  forms  of  |uck,  and 
of  hammer  and  wedge  employed  for  the  purpose.  .  Use  of  gun- 
powder and  other  explosives ;  precautions  to  be  observed  in  b^ing 
and  in  firing  shots. 

4.  Depths  attained  b^  mines  and  bore  holes  in  various  eases.  Geo- 
graphical  distribution  of  the  chief  mining  districts. 

5.  Ventilation  of  mines,  why  important.  Composition  of  air,  carbonic 
acid  gas,  and  fire-damp ;  how  the  latter  noxious  damps  occur,  and 
what  precautions  against  them  should  be  adopted,  either  for  a  tem- 
porary purpose  or  permanently.  Reasons  of  a  natural  circulation  of 
aur  to  some  extent  being  observable  in  all  mines.  Various  applica- 
tions of  water  to  aid  ventilation.  Means  of  applying  healy  or 
machines  for  the  same  purpose. 

€.  Lighting  of  workings;  principle  and  construction  of  the  safety 
lamp. 

7.  Circumstances  under  which  water  enters  mines.  Working  of  ordi- 
naiy  pumps ;  special  requirements  of  pumps  for  mines.  Mode  of 
applying  human  or  horse  labour  to  the  windinf^  of  water  and  staff 
or  mineral ;  fixing  and  comparison  of  the  unit  o^  work.  Water 
wheels  and  steam  engines,  variety  and  construction  of,  as  in  use  for 
mining  purposes. 

Carriage  or  conveyance  along  levels  and  inclinea ;  barrows,  tram- 
plates,  rails,  tubs,  or  wagons. 
General  features  of  winding  in  shafts  by  machineiy. 

8.  The  form  and  dimensions  of  shafts  applied  to  various  purposes; 
sinking,  and  precautions  against  accident  from  falls  and  from  ooUapse 
of  sides. 

1>.  Driving  of  levels,  drifts,  and  wind-roads ;  their  rate  of  iniiiinstirm, 
'  breadth,  and  height  in  various  districts ;  myethods  and  cost  of  sidl- 
ing them,  and  of  timbering  or  wooding. 

10.  The  removal  or  exploitation  of  mineral  alter  eompletion,  to  a  eertun 
point,  of  dead  work;  stopes  and  pitches,  under  various  eancnm- 
stanoes.  PiUar-working  at  various  depths,  and  other  forms  of 
extracting  coal  or  ironstone.  Main  eonsiderittions  of  nMtf  and 
economy  which  have  to  be  studied  in  adopting  a  partvnilar  plan* 

11.  Means  of  security  to  be  adopted  in  shafts;  1st,  as  to  oonstruotion 
and  fixing  of  ladders ;  2tid,  as  to  rules  and  arrangements  where  the 
men  ride  instead  of  climbing. 
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SficoKD  Stagk  or  Advanced  Covrse. 

1.  Details  as  to  the  fonn  in  which  the  useful  minerals  are  accumulated ; 
stratified  deposits;  alluvial  or  stream-works ;  lodes  and  their  various 
directions;  pipes  and  other  irregular  repositories.  Examples  of 
remarkable  localities;  true  sectional  drawings  or  profiles  to  be 
studied.  Examples  of  heaves,  and  alleged  laws  according  to  which 
they  have  taken  place.  Composition  and  physical  state  of  the 
containing  rock  or  "  countiy." 

2.  Exploring,  shoading,  and  costeaniiig.  Grounds  for  opinion  in 
the  re-opening  of  old  mines;  preliminaiy  operations  in  virgin 
dis^cts. 

d.  Breaking  of  ground ;  the  various  implements  employed,  their  form^ 
dimensions,  and  weight;  boring  for  shots;  the  various  modes  of 
firing  charges.  Heavy  charges,  how  calculated  and  fired ;  rules  for 
ensuring  safety.   Drilling  and  coal-cutting  machines. 

4.  Deep  boring,  under  what  circumstances  applicable, — apparatus  for ; 
description  of  varieties  in  use ;  lining  of  bore-holes. 

5.  Management  and  supervision ;  payment  of  men  em])loyed  at  mines, 
at  suriface  and  underground,  vaiying  in  principle  with  the  different 
classes  of  operation ;  reasons  for  tut-work  or  piece-work,  and  tribute 
or  bing-tale  under  different  circumstances.  Calculations  for  cost  of 
driving,  sinking,  tramming,  &c. 

6.  Physical  principles  of  ventilation ;  practice  of  mines  where  simple 
natural  ventilation  is  employed ;  ventilation  of  large  areas  and  of 
deep  or  complicated  workings  by  guiding  the  natural  current; 
artificial  means,  and  their  details,  for  promoting  ventilation.  Pre- 
cautions to  be  taken  under  speciaUy^  dangerous  conditions. 

7.  Illumination,  of  various  kinas,  their  economy ;  safety  lamps  in  all 
their  best  modifications ;  circumstances  under  wluch  they  should  >>e 
employed ;  precautions  in  their  use. 

8.  Mechanical  division  of  the  subject.  Strenffth  of  materiab  used  in 
mines;  human  and  horse  power,  principles  and  construction  of 
machines  to  which  they  are  applied.  Hydraulic  machines :  con- 
struction of  the  water-wheels,  turbines,  and  pressure  engines  most 
suitable  to  the  various  operations  of  mining.  Steam  engines,  for 
pumping  and  for  winding ;  arrangement  and  construction  of  the 
varieties  most  in  use.  Form  and  dimensions  of  boilers.  Pumps 
employed  in  mines,  mode  of  placing  them ;  construction  of  the  lifts ; 
materials  and  details  of  the  rods,  set-offs,  counterbalances,  cisterns, 
and  catches.  Circumstances  under  which  dams  are  erected  in  shafts 
or  levels ;  mode  of  building  them. 

Tubbing  of  water  from  shafts ;  conditions  under  which  it  majr 
be  done ;  details  of  the  operation  with  various  materials,  wood,  brick, 
stone,  cast  and  wrought  iron. 

Rails,  waggons,  and  tubs  for  under^und  conveyance ;  employ* 
ment  of  horses  and  of  fixed  steam  engmes  for  this  purpose. 

Raising  of  the  mineral  through  Uie  shafts ;  various  methods  in 
use ;  chains,  ropes  (of  hemp  or  wire),  their  weight,  &c.  Details  of 
the  best  application  of  drums,  cages,  guides,  keeps,  and  safety  doors. 
Pulleys  and  shaft  frames  or  poppet  heads ;  protection  against  over- 
wincHng ;  safety  clutches,  &c.  in  case  of  breakage  of  rope. 

9.  Opening  of  ground;  quarries  and  open  work;  driving  of  levels, 
various  dimensions  and  directions  according  to  circumstances; 
sinking  of  shstfts,  indined  or  perpendicular ;  advantages  of  either 
kind  under  certain  conditions ;  means  of  securing  levels  and  shafts 
by  timber  or  by  walUng ;  details  of  the  various  methods.  Driving 
or  sinking  in  heavy  or  running  ground. 
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10.  Working  excavations;  plan  of  laying  them  out,  and  means  of 
security  to  be  adopted  whilst  they  are  kept  open.  This  will  indade 
the  stoping  of  metalliferous  veins,  and  the  various  modifications 
of  post  and  stall,  long<-work,  &c.,  which  are  applied  to  stratified 
deposits. 

11.  Travelling  in  shafts;  prevention  of  accidents  by  proper  fitting  and 
dividing;  mode  of  placing  ladders  and  sollars ;  lifting  machme  for 
men,  construction  and  advantages  of. 

12.  Dressing  of  minerals.  Arrangement  of  dressing  floors.  Construc- 
tion of  crusher  and  stamps ;  washing  of  coal ;  jigging,  concentration, 
and  separation  of  metallic  minerals. 

Examination  for  Honoubs. 

Questions  will  be  set  at  the  discretion  of  the  Examiner,  who  will  have 
regard  to  a  general  knowledge  of  mining  as  carried  on  in  this  and  other 
countries,  and  may  require  certificates  nrom  employers  as  to  practical 
work. 

Tbxt  Books. 

The  student  may  be  advised  among  other  sources  of  information  to 
consult  the  following  works : — 

Manual  of  Geology,  by  J.  Phillips.   8vo.    12<.  6d, 

(London,  Griffin,  1855.) 
Ri^ort  on  Cornwall,  Sfc,  by  H.  T.  De  la  Beche. 

(London,  Longman  &  Co.,  1839.) 
Laws  regulating  the  Deposition  of  Lead  Ore  in  Veins,  by  W.  Wallace) 
8yo.    25s,  (London,  Stanford,  1861.) 

Treatise  on  Mining  Engineering,  by  G.  C.  Green  well.   4  to.  50s. 

(London,  Spon,  1856.) 
Coal  and  Coal  Mining,  by  W.  W.  Smyth.    8vo.    7s.  6d, 

(London.  Strahan,  1869.) 
.  Metallic  WeaUhqf  the  United  States,hy  J.  D.YniitDej,   8vo.  16s. 

(London,  Triibncr,  1854.) 
Mining  and  Metallurgy  of  Gold  and  Silver,  by  J.  Arthur  Phillips. 

(London,  Spon,  1867.) 
Miners  Manual  of  Arithmetic  and  Surveying,  by  W.  RIckard. 

(London,  Longman,  1859.) 
Giologie  Jppliqu^e,  par  A.  Burat.   2  vols.   8vo.  I7s. 

(Paris,  LangloU,  4th  ed.,  1859.) 
Die  Lehre  von  den  Erzlagerstatten,  von  B.  von  Cotta.    2  vols.  8vo. 

lbs.  (Leipzig,  Felix,  2nd  ed.,  1861.) 

Besides  these  the  various  reports  of  H.  M.  Inspectors  of  Coal  Mines, 
and  the  evidence  given  before  Committees  of  the  Housea  of  Parliament 
on  Accidents  in  Mines,  may  be  stndied  with  advantage. 

Works  on  Mining,  in  addition  to  the  above  list,  which  should  be 
kept  for  reference  in  a  library : — 

Section  of  the  Strata,  SfC,  by  Westgarth  Forster.  1821. 
Transactions  of  the  Northern  InstUute  qfB/Rning  Engineers, 
The  Waterworks  of  London,  by  Colbum  and  Man.   7s.  6d, 

(SpoD,  1867.) 

Exploitation  des  Mines,  par  C.  Combes.   3  vols.    8vo.,  and  Alks 
of  plates.  (Paris.  1844-46.) 

Mineral  Veins  of  Swdledale,  by  Lonsdale  Bradley.   8vo.,  21*. 

(London,  Stanford,  1862.) 

Memoirs  of  Geological  Survey  of  Great  Britain,    Vol.  I.,  2is.\  voL 
II »  (Longnttiis,  1848.) 
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Lekrbuch  der  At^bereUungs'kundc  (dressing  of  ores)  by  Rittinger. 

(Berlin,  Eniatundkorn,  1867.) 
Geologic  of  Sondander  and  Madrid,  by  SuUiyan  and  O'Reilly.  8vo., 

10s.  (London,  Williams  and  Norgate,  1863.) 

Htsfory  of  the  Coal  Trade,  by  Matthias  Dunn. 
Wimnimg  and  Working  of  Coal  Mines,  by  Matthias  Dunn. 
Tke  Goldfields  of  Victoria,  by  R.  Brough  Smyth,  1869.    Royal  8vo., 

259.  (Triibner,  Annales  dea  Mines,  Paris.) 


SUBJECT  XtX.-METALLURQY. 

For  the  first  stage  or  elementary  course  the  student  will  be  expected 
to  answer  questions  under  the  following  heads,  exclusive  of  those  in 
italics. 

The  second  stage  or  advanced  course  will  include  these.  The  student 
will  also  be  required  to  make  sketches  and  name  unlabelled  specimens. 

For  honours  the  candidates  will  be  asked  questions  at  the  discretion  of 
the  Examiner,  who  will  have  regard  to  the  present  state  of  metallurgical 
science  as  carried  on  in  this  and  other  countries. 

Introductory  Subjects. 

Physical  Ph>pertie6  of  Metals. — Physical  State.  Action  of  Heat. 
Specmc  Gravity.  CrystalUzation.  Varieties  of  Fracture.  Malleability. 
Ductility.  Tenacity.  Toughness.  Softness.  Elasticity.  Conduction 
of  Heat  and  Electricity.  Capacity  for  Heat.  Expansion  by  Heat. 
Opacity.    Lustre.  Colour. 

Classification  of  MetsJlurgical  Processes. 

Explanation  of  the  terms — Ore,  "  native  **  veinstuff,  matrix  or  gangue, 
''dressing."  Reduction.  Smelting.  Flux  and  Slag.  Regulua. 
Speise.   Koasting.    Distillation.   Sublimation.  Liquation. 

'Slags. — Atomic  constitution  of  silicates.  Constitution,  external  chap 
racters,  brittleness,  toughness,  colour,  and  fusibility  of  slags.  The 
fdsibiHty  of  certain  compounds  not  containing  silica,  aluminates,  &c. 
Sesquioxide  of  iron  and  lime.  Fluor  spar  as  a  flux.  Melting  points  of 
silicates  as  indicated  by  the  fusion  of  alloys  of  gold  and  platinum.  Sup^ 
posed  sulpkosUicates. 

Natural  Refractory  Materials  employed  in  the  Construction  of  Cru- 
cibles, Retorts,  Furnaces,  &c.  Fire  Clays. — Approximate  composition. 
Mode  of  testing.  Crucibles. — Earthen  or  clay  crucibles.  Stourbridge 
clay  crucibles.  Cornish  crucibles,  London  crucibles.  Hessian  crucibles. 
French  crucibles.  Be^ian  crucibles.  Graphite,  black-lead,  or  plumbago 
crucibles.  Lining  crucibles  with  carbon.  Furnaces.-— Sefstrom's  blast 
furnace.  DeviU^s  blast  furnace.  Fire  Bricks,  &c. — Stourbridge  fire* 
brick.  Dinas  fire-brick.  Sand  and  sandstones. 

Fuel. 

The  calorific  power  of  fuel.  Berthier's  process  of  estimating  the 
calorific  power  of  fuel.  The  calorific  intensity  of  fuel,  and  theoretical 
computation.  Wood. — Kinds  of  wood  employed  as  fuel.  Elementary 
composition  of  dry  wood.  Proportion  of  water  in  wood.  Specific  gravihr 
of  wood.  Proportion  and  approximate  composition  of  the  ashes  of  wood. 
TTie  rapidity  of  growth  of  wood.  Weight  of  wood.  Cutting  and 
storing  of  wood  intended  as  fuel.  P€»t  or  Turf.— Specific  gravity  of 
peat.  Composition  of  peat.  Approximate  comijosition  of  the  aahes 
of  peat.   Proximate  composition  of  peat.   Extraction  and  desiccation  of 
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peat.  Coal. — ^Definitioii  of  coal.  Apprommte  oompoaition  of  the 
a^es  of  coal.  Lignitea.  ClatnficatUm  of  lignites  according  to  esUrsd 
eharaeters.  Approximate  oompoeition  of  ligmtea.  Bitominoiia  coals. 
Caking  coal.  Free  burning  coal.  Cannel  ooal.  Anthracite.  Fibroms  mrf 
granular  matter  in  coals.  Compoeition  of  bituminous  coals  to  be  given 
generally  and  approximately  for  each  class.  The  oeeturrmce  of  certmn 
metals  in  peat  and  coals.  ¥^r^mf*s  chemical  researches  on  combustible 
minerals.  Charcoal. — Specific  neat  and  specific  gravity  of  chaiooaL 
Ph>ximate  composition  of  charcoal.  Various  modes  of  charcoal  burning. 
Charcoal  burning  in  pilea  or  stacks.  Chinese  methods  of  charring  in  pits. 
Yield  of  charcoal  by  volume  and  by  weight.  Influence  of  temperature 
upon  yield.  Theory  of  charcoal  ouming  in  circular  and  rectangular 
piles.  Peat  charcoal  or  coke.  Carbonisatum  kg  superheated  steam. 
Coke. — Properties  of  coke.  Approximate  composition  of  coke.  IVeaenoe 
of  water  in  coke.  General  prindples  concerning  the  preparation  of  coke. 
Coking  in  circular  piles,  in  long  pilea  or  rmgea,  and  in  large  open 
rectangular  kilns.  Coke  ovens.  Cox's  coke  oven.  Coke  ocen  pf  the 
Brothers  Appolt.  Composition  and  economic  application  of  the  umste 
gases  of  coke  ovens.  Davis*  Breeteoven.  Mineral  charcoal.  Coking  of 
non-caking  coal  slack  by  admixture  with  pitch.  Collection  of  products 
of  economic  value  generated  during  theprocess  of  coking.  Denilphuriza- 
tion  of  coke.  Combustible  Gases. — C&rbonic  oxide.  Hydrogen.  Hy- 
drocarbons. 

Comparison  of  fiiels  in  regard  to  calorific  power.  Calor^  power 
calculated  from  ultimate  composition. 


COPPKB. 

Physical  and  chemical  properties.  Specific  heat.  Linear  dilatation  bg 
heat.  Action  of  heat.  Atomic  weight.  Action  of  oxygen.  Dioxide ; 
TOotoxide;  dioxide  and  protoxidB  of  copper  heated  with  silica. 
Borates  of  copper.  Disulphide.  Disulnhide  of  copper  heated  with 
access  of  air.  Theory  of  the  process  of  nesting  disidphide  of  copper 
with  free  access  of  air,  or  roasting.  Disulphide  of  copper  heated  in 
admixture  with  dioxide,  protoxide,  or  sulphate  of  copper.  Dioapide  of 
copper  heated  with  protosulphide  of  iron  and  silica,  Dwdphide  of  copper 
exposed  to  the  action  of  hydrogen  and  water  at  high  temperatures.  Metallic 
copper  exposed  to  the  action  of  the  vapour  of  water  at  high  temj^eratures. 
Dtsulphide  of  copper  heated  with  cariimy  with  iron,  with  rmo,  with  lead, 
with  tin,  with  antimony.  Copper  heated  with  tersulphide  qf  antiswny. 
Disulphide  of  copper  heated  with  nitre,  with  caustic  soda,  with  carbonate 
of  swla,  with  baryta  or  lime,  with  cyanide  qf  potassium.  Copper  and 
aioxide  of  copper.  Copper  and  carbon.  Overpoled  copper.  Copper 
and  nitrogen.  Copper  and  phosphorus.  Copper  and  arsenic.  Copper 
and  silicon.  Specific  gravity  of  copper.  Electric  conductivity  of 
copper.   Influence  of  various  foreign  matters  on  electric  conductivity. 

Ores  of  Copper. — Physical  characters  and  chemical  composition  of: 
Native  copper.  Red  oxide  of  copper.  Black  oxide  of  copper.  Green 
carbonate  of  copper  or  malachite.  Blue  carbonate  of  copper.  Vitreous 
or  grey  sulphide  of  copper.  Purple  copper  ore.  Copper  pyrites  or  yellow 
copper  ore.  True  grey  copper  ore  or  nmlerz.  Chrysocolia.  Atacamite. 
Copper  ores  of  Cornwall  and  Devon.   Meaning  of  the  word  Standard. 

Assaying  of  copper  ores  by  dry  and  wet  methods.  Comparative  results 
by  Cornish  and  wet  methods. 

Copper  Smelting.— In  Reverberatoiy  fiimaoes :  The  Welsb  Process.— 
Furnaces  employed ;  calcines  melting  furnace.  The  reactions  whidi 
occur  in  the  process.  Calcination ;  composition  of  the  gaseous  products 
which  escape  from  the  ore^alciner.  Melting  of  the  calcined  ore ;  external 
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chanctera,  and  oompoaition  of  ooane  metal  and  orB-tonace  sla^ .  Spee^te 
gratUy  of  the  eoarwe  metal  and  ore-fwrnace  slag.  Calcination  of  we  m- 
nulated  ooane  metal ;  Melting  of  oilcined  granulated  ooane  metal ;  umiie 
metal,  blue  metal,  metal-slag.  Moss-oooper.  Roasting;  blister^sopper, 
voafltcavslag.  Best  selected  process.  Refining.  JS/tmtiia/toii  of  the  fol^ 
lowing  fbm^  Metals  during  the  Welsh  Pr^ess  of  Copper  Smeltmg. — 
Arseme,  mUmong,  tin,  mehel,  cobalt,  gold,  and  silver.  Various  proposed 
improvements  in  Copper  Smelting  F^arnaces.  Napier's  process.  Method  of 
smdting  proposed  by  MM,  Bivot  and  PhUhps,  Smelting  rich  copper 
slags  in  a  blast  famaee.  In  Blast  Furnaces  :  In  Japan.  In  Sweden. — 
'Funaoes  employed ;  ore-furnace,  black  copper  furnace,  refining-faearth. 
The  processes  of  roasting  or  calcination,  toion  of  the  roasted  ore, 
roasting  of  the  regulus  from  the  last  operation,  fiision  for  black  copper, 
refining,  tod  toughening.  Copper  rain.  Loss  in  smelting.  Smdiing 
of  copper  schist  in  Prussutn  Saxong.  Copper  smelting  in  Perm  in  Russia, 
Cupriferous  pig  iron.  Theory  of  the  process,  Kemetroasting  at  Agordo, 
— CoMpoJiftOM  of  the  ore.  Roasting.  Styrian  hilns.  Mode  of  charging. 
Changes  which  the  ore  undergoes  during  roasting.  Theory  of  the  process. 
Wet  methods  of  extracting  copper  s^Predpitation  of  copper  from  solution 
by  iron.  Banhart's  process.  Wet  process  by  M.  EscaUe.  Hdhner^s  patent. 
Loss  of  copper.    Impurities  occurring  in  commercial  copper. 


Physical  and  chemical  properties.  Atomic  weight.  Action  of  oxygen. 
Action  of  water  on  zinc.  Oxide  of  zinc.  Reduction  of  oxide  of  zinc  by 
carbon,  carbonic  oxide,  and  hydrogen.  Silicates  of  zinc.  Reduction  of 
silicate  of  zinc  by  carbon.  Oxtde  of  zinc  heated  with  boracic  acid. 
Sulphide  of  zinc  heated  with  access  of  air,  with  oxide  of  zinc,  with  cat' 
ban,  with  various  metals,  in  the  vapour  of  water,  with  carbonic  acid, 
with  nitre  or  nitrate  of  soda,  with  carbonate  of  potass  or  soda,  with  Ume. 
Zinc  and  phosphorus.   Zinc  and  arsenic. 

Ores  of  Zinc. — Physical  character  and  chemical  composition  of :  Cala- 
mine.  Electric  calamine.    Hlende.   Red  zinc  ore. 

Methods  of  assaying  Ores  of  Zinc. 

Methods  of  Extracting  Zmc— English  Process. — Roasting  or  calcina- 
tion of  the  blende.  Pots  and  condensing  tubes.  Reduction  house.  Mode 
of  making  the  pots.  Mode  of  charging  the  pots,  and  nianagement  of  the 
furnace.  Treatment  of  the  rough  zinc.  Silesian  Process. — Retorts  and 
appendages.  Clay  nozzles  or  condensers.  Laggins  or  stoppers.  Iron 
appendages.  Description  of  the  furnace.  Calciner.  Distillation  of  zinc. 
Melting  of  distilled  zinc.  Belgian  Process. — Retorts  and  appendages. 
Description  of  the  furnace.  Carinthian  Method.  Zinc  fyme.  Mont^ori 
furnace.  Foreign  matter  in  cooimercial  zinc.  Proposed  improvements 
in  the  extraction  of  zinc. 

Brass.— Definition.  Malleability.  Process  of  stamping.  Dead-dip- 
ping. Physical  properties  of  various  alloys  of  copper  and  zinc.  Manu- 
facture of  calamine  brass.  Direct  preparation  of  brass.  Muntz*s  metal. 
Defects  occurring  in  brass.   Colouring  and  lacquering. 


I'hysical  and  Chemical  Properties.  Magnetism.  Tenacity  or 
tensile  strength.  Specific  heat.  Dilatation  by  Heat.  Action  of  heat. 
Welding.  "  Burnt  Iron.'*  Crystalline  and  fibrous  iron.  Effect  of 
cold  hammering  upon  iron.  Atomic  weight.  Iron  and  oxygen.—- 
Protoxide ;  sesquioxide  or  red  oxide ;  hydrated  sesquioxide ;  m^netic 
oxide ;  iron  scale,  or  hanuner  slag.  Ferric  Acid.  Iron  and  Water. — fteser- 
vation  of  iron  from  rust.  Iron  and  Sulphur. — Disulphide  ;  protosulphide; 


Zinc  or  Spblter. 


Iron. 


protosulphide  exposed  to  the  action 
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perature.  Protosti^hide  of  iron  heated  loUh  carbon,  wUk  testfrnoaid^  of 
iron,  with  sulphate  of  protoxide  of  sesquiomde  of  iron^  with  protoxide  of 
lead,  with  other  metallic  sulphides,  unth  silica,  with  silica  and  earhon. 
Sesquisuljpldde  :  bisulphide ;  or  iron  pyrites.  Magnetic  pjiites.  Sulphate 
•  of  protoxide  of  iron,  copperas,  or  ^en  vitriol.  Nentral  tersulphate  ^ 
sesouionide  of  iron*  Sulphides  of  iron  roasted  with  access  of  air.  htm 
ana  Nitrogen. — Results  of  experiments.  Passivity  cf  iron.  Lnon  aad 
Phosphorus. — Phosphides  of  iron.  On  the  action  of  carbon  trow  con- 
taining phosphorus.  Phosphate  of  protoxide  of  iron.  Phosphate  of 
sesquioxide  of  iron.  On  the  action  of  iron  at  a  high  temperature  upon 
phosphate  of  lime  in  the  presence  of  carbon.  Ditto  in  the  preaeoee  of 
carbion  and  fret  silica.  On  the  action  of  pho^homs  on  iron  comtaimng 
sulphur.  Iron  and  Arsenic,  Case-hardening  of  iron  or  steel  bg  arsenic. 
Silicon.  Silicon  and  nitrogen.  Manganese  and  Silicon.  Iron  and 
Silicon. — Reduction  of  silica  hy  carbon  in  the  presence  of  oxide  of  iron 
.and  other  bases.  Protoxide  of  iron  and  silica.  Reduction  of  silicate  of 
.protoxide  of  iron  by  carbon.  Silicate  of  sesquioxide  of  iron.  Tribasie 
.ideate  of  protoxide  of  iron  heated  with  access  of  air.  lAqualion 
silicate  of  protoxide  of  iron  containing  phosphorus.  Protoxide  of  iron  a»d 
boracic  and.  Sesquioxide  qf  iron  and  boracic  acid.  Iron  and  Carbon.-- 
Modes  of  effecting  the  combination  of  carbon  with  iron.  Cementa- 
tion. Action  of  carbonic  oxide  upon  iron.  Action  of  solid  carbon  t^n 
iron.  In  an  atmosphere  of  carbonic  oxide.  In  an  atmosphere  of  hgdrogen. 
Amount  of  carbon  in  iron.  Maximum  amount  of  carbon  c^paUe  of 
being  taken  up  by  pure  iron.  Iron,  manganese,  and  carbon.  Modes  of 
existence  of  carbon  in  iron,  grey,  white,  and  mottled  cast  iron.  Chill- 
casting.  Spiegeleisen,  or  specular  cast  iron.  Action  of  silicon  and  qf  sul- 
phur on  iron  containing  carbon.  Abstraction  of  silicon  from  east  iron 
bg  fusion  with  sesquioxide  of  iron  alone,  and  with  the  addition  qf  man-^ 
ganese.  Carbonate  of  protoxide  of  iron.  Action  of  dilute  sulphuric  or 
hydrochloric  acid  on  white  and  grey  cast  iron.  Action  of  sea  water  on 
cast  iron. 

Alloys  of  Iron. — Iron  and  copper^  Iron  and  zinc.  Process  of  zincing 
or  galvanizing  iron.  Iron,  copper,  and  zinc.  Keir's  patent.  Aich-metal. 
Sterro-metal.  Iron  and  tin.  Hardening  the  tops  of  rails  with  tin. 
Stirling's  patent.  Action  of  tin  on  cast  iron.  Iron  and  manganese; 
titanium;  lead;  bismuth;  nickel;  cobalt;  mercury;  silver;  gold; 
platinum;  rhodium;  aluminiwn;  chromium;  tungsten. 

Ores  of  Iron. — Physical  properties  and  chemical  composition  of: — 
Magnetic  oxide  of  iron,  magnetite.  Franklinite.  Red  haematite,  red 
ore  or  anhydrous  sesquioxide  of  iron.  Brown  hsematite,  brown  iron  ore, 
or  hydrated  sesquioxide  of  iron.  Spathic  carbonate,  or  sparry  iron  oie. 
ArgiUacious  iron  ores,  clay  or  clayband  ironstones. 

Assaying  of  iron  ores  by  dry  and  wet  methods. 

Direct  Extraction  of  Iron  in  the  Malleable  State  from  the  Ore. — Iron 
Smelting  in  India,  Burma,  Borneo,  Africa,  and  Madagascar.  Catalan 
Process;  trompe,  or  blowing  machine.  Its  advantages  and  dimd- 
vantages.  Water  wheel,  hammer,  and  anvil.  Theory  of  the  process. 
Conditions  affecting  the  quality  of  the  iron  produced.  Characters  of  the 
iron  produced.  The  Osmund  furnace.  Stiickhofen  or  High  Bloomeiy 
Furnace.  Clay's  process.  Renton's  process.  Chenofs  process.  Indinset 
Extraction  of  Iron  in  the  State  of  Cast  Iron  from  the  Ore. — SwediA 
charcoal  blast  furnace  ;  mine  kiln.  Pressure  of  the  blast.  Temperature 
of  the  blast.  Iron  ores  employed.  Most  important  iron  mines  in  Sweden. 
Smelting  qf  lake  and  bog  iron  ores  in  Sweden.  Description  of  the  modem 
blast  furnace ;  foundation,  hearth,  twyer  openings,  twyer,  tunnel  head, 
bracing,  bhist  main,  and  blast  pipes,  blast  engines.  Cinder  tubs.  Che- 
mioal  phenomena  of  the  modem  blast  furnace.    Hot  Blast— Neilaon's 
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patent.  When  first  put  into  operation.  Apparatus  for  heating  the  blast. 
NeUson's  first  apparatus.  Cast-iron  tubular  oven.  Sjphon  pipe,  box-foot 
pipSt  spiral  pipe,  and  pipe-wUkm^pipe  oven,  Qas  oven.  Bound  or  oval 
oven.  Theory  of  the  hot  blast.  Saving  of  fueL  Water-tunfers.  The 
Gases  of  Iron^smelting  Blast  Furnaces.— Composition  of  the  gases 
of  the  Furnace.  FroducHtm  of  cyanogen  in  the  blast  furnace.  Tern- 
perature  of  the  blastfurnace  at  different  depths.  Utilization  of  the  gases 
escaping  from  blast  furnaces.  The  waste  gas."  Modes  of  taking  off 
the  gases  with  open-mouthed  and  with  dose-mouthed  furnaces.  Solid 
matter  carried  over  with  the  waste  gas.  The  best  form  of  the  blast 
furnace.  Decrease  in  volume  which  the  materials  undergo  during  their 
descent.  Elliptical  fiirnaoe.  Rectangular  or  Rachette  furnace.  Blowing 
ia  a  blast  furnace.  Tapping.  Sand-bed  for  casting.  Derangements 
in  the  working,  scaffoldmg,  and  slips.  Loss  of  iron  in  the  slag. 
Indications  afforded  by  colour  of  slags.  Spontaneous  disintegration. 
Potash  in  slags.  Accidental  products  of  blast  furnaces.  Silica. 
Furnace  cadmia  or  calamine.  Cyanonitride  of  titanium.  Graphite  or 
kish.  Reduction  of  phosphoric  acid  in  the  blast  furnace,  and  passage 
of  the  phosphorus  into  the  pig  iron.  Economical  application  of  blast 
furnace  slags.  Effects  of  long  continued  heat  upon  sandstone  in  the  hearth 
bottom.  Substitution  of  lime  for  limestone  as  a  flux.  Application  of 
chloride  of  sodium.  Explosions  in  blast  furnaces.  Poisoning  by  gas 
accidentally  escaping  ^m  blast  furnaces.    Yields  of  blast  furnaces. 

Various  kinds  of  Pig  Iron. — Spiegeleiscn.  Pig  iron  made  from  mag- 
netic iron  ore.  Do.  from  red  haematite.  Do.  from  brown  hematite.  Pig 
iron  produced  exclusively  from  Northamptonshire  ore.  Do.  wholly  or 
cbiafly  from  argillaceous  iron  ore  of  tne  coal  measures.  Yorkshire. 
Derbyshire,  South  Staffordshire.  North  Staffordshire.  South  Wales. 
Do,  from  Cleveland  ore.    Titaniferous  pig  iron. 

Production  of  Malleable  Iron  from  Ca«t  Iron. — South  Welsh  process ; 
the  hollow  fire.  Swedish  Lancashire  Hearth ;  Walloon  process,  as  con- 
ducted in  Sweden.  Corinthian  process.  Slags  or  cinders  produced  in 
finery  processes.  Running  out  fire  or  refinery ;  composition  of  refined 
iron;  do.  refinery  slags  or  cinders.  Puddling;  puddling  furnace.  In- 
vention of  iron  bottoms;  manipulation;  theory  of  the  process;  com- 
position of  tap  cinder;  invention  of  the  boiling  process;  double  pud- 
dling furnaces.  Mechanical  puddling.  Application  of  waste  olast 
furnace  gas  to  puddling.  Siemens*  gas  puddling  furnace;  principle 
of  the  furnace.  The  gas  producers.  Construction.  Puddling  with  dried 
wood.  Stamping  ana  assorting  vuddled  balls.  Utilization  of  the  waste 
heat  of  puadUng  furnaces.  Working  of  the  Ball. — Forge  hammers; 
tilt  hammers.  Helves  or  lift  hanmiers.  Steam  forge  hammers  :  Nasmyth's. 
Condie's,  Squeezers;  crocodile.  Horizontal  rotary.  Vertical  rotary. 
Brown's  shingling  machine.  Puddling  or  puddle  rolls.  Composition  of 
puddled  bars.  Working  of  the  Puddled  Bar  into  Merchant  or  Finished 
iron. — Reheating  furnace;  with  coal  as  fuel.  With  gaseous  fuel,  or 
gas-welding  furnace.  Piling.  Accidents  in  rolling  mills.  Yield  of 
puddled  and  finished  iron.  Manufacture  of  rails.  Composition  of  the 
cinder  from  the  reheating  furnace. 

Varieties  of  Sheet  Iron  and  Slit  Rods.— Tin  plates.  Charcoal  plates. 
Coke  plates.  Belgian  sheets.  Russian  sheets.  Slit  rods.  Special 
Qwdities  of  Iron.--South  Yorkshire.  Process  of  manufacture  at  Low- 
moor,  Bowliog,  and  Famley.  South  StafiPordshire.  Swedish  iron. 
Dttnnemora.  Russian  iron.  Boat  plates.  Armour  plates ;  rolled;  ham* 
mered.    Mending  broken  rolls. 

Permanent  expansion  of  cast  iron  by  exposure  to  long  continued  heat 
at  or  above  redness.   Dilatation  of  cast  iron  by  heat. 

Production  of  Steel. — ^By  the  Addition  of  Carbon  to  Malleable  Iron : 
In  the  direct  reduction  of  iron  ores  at  one  operation.    In  the  Cafcabm^ 
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process.  In  crucibles.  In  oonvertiog  fttmaces.  Carimrizatkm  of  iron 
as  a  distinct  process ;  caibiirization  of  pulverulent  iron.  Ckemofa  pro- 
cess. Carburisation  of  bar  iron.  Converting  furnace.  Carbmrizaiio» 
goMtoM  e<mpmmds  of  earbo».  Carburisation  bj  fusing  compact  iron 
with  carbonaceous  matter;  Hmdao  proeest.  tVooig,  Mmthe^s  ttetl. 
By  the  partial  Decarburisation  of  Cast  Iron : — Bt  fusing  in  hearths. 
By  pudaUng.  Coinposition  of  puddled  steel,  fjchaina  process.  By- 
cementation.  By  Fusion  of  Pig  Iron  with  Malleable  Iron : — Imumtrsion 
of  malleable  iron  in  molten  cast  iron.  By  Blowing  Atroospheric  Air 
through  Molten  Pig  Iron. — Bessemer  process.  Description  of  the  appa- 
ratus. Parry's  process  of  manufacturing  iron  and  steel.  Casting  of 
Steel. — Furnaces  and  crucibles.  Fusion  of  steel  in  ^e  rererberatofy 
furnace.  The  addition  of  manganese  in  the  casting  of  steeL  Manipula- 
tion of  SteeL — Hardening  and  tempering  steeL  MetalUe  baths  for  the 
use  of  working  cutlers.  Theory  of  hardening  and  tempering  steel.  Ham- 
mering steel.  Welding  steel.  Shear  steel.  Casting  steel  on  wrought 
iron.  Damaskeening. 

Lead. 

Physical  and  Chemical  Properties.  Dilatation  by  heat.  Conductivity 
for  heat  and  electricity.  Action  of  heat.  Autogenous  soldeiing. 
Action  of  air,  of  water,  of  carbonic  acid,  of  dioxide  of  copper,  and  of 
acids  upon  lead.  Protoxide ;  mode  of  formation  b^  dry  and  wet  methods. 
Physical  characters  of  massicot  and  litharge.  Action  of  heat.  Action  of 
carbon,  of  hydi'ogen,  and  of  carbonic  oxide.  Fusibility  with  metallic 
oxides.  Action  of  metals  when  heated  with  protoxide  of  lead.  Dioxide/ 
Binoxide:  mode  of  formation.  Sesquioxiae;  Red  lead.  Physical  and 
chemical  properties.  Action  of  heat.  Action  of  acids.  Sulphide;  Sili- 
cates of  Protoxide  of  lead.  Methods  of  formation.  Fusibility.  Action 
of  carbon,  of  sulphur,  of  sulphide  of  iron,  of  iron,  of  lime,  of  Ume  and 
carbon,  of  peroxide  of  iron  and  carbon  upon  silicates  of  protoxide  of 
lead.  Silicates  of  protoxide  of  lead  and  potash.  Silicates  of  protoxide 
of  lead  and  lime.  Silicates  of  protoxide  of  lead,  lime,  and  alundna. 
Physical  and  chemical  properties.  Action  of  heat  and  air  upon  sul- 
phide of  lead ;  in  the  presence  of  iron  pyrites  and  of  blende.  Action  of 
hydrogen  and  of  steam  upon  sulphide  of  lead.  Action  of  protoxide  of 
lead,  silicates  of  protoxiae  of  lead,  of  alkalies,  of  carbonate  of  soda,  of 
cyanide  of  potassium,  of  alkalies  and  alkaline  carbonates  and  carbon, 
of  lime  and  carbon,  of  peroxide  of  iron  and  carbon,  of  nitrate  of 
potash,  of  chloride  of  sodium^  of  iron,  of  tin,  and  of  copper  when  heated 
with  sulphide  of  lead.  Combination  of  sulphide  of  lead  with  other  sul- 
phides. Subsulphides  of  lead.  Sulphate;  physical  and  cAemtcai  proper- 
ties. Action  of  heat.  Action  of  carbon,  of  iron,  of  lead,  of  protoxide  of 
lead,  of  sulphide  of  lead,  of  chloride  of  lead,  of  silica,  of  lime,  of  chloride 
of  sodium,  and  of  cyanide  of  potassium,  upon  sulphate  of  lead.  Sulphate 
of  lead  and  fittor  spar.  Lead  and  Phosphorus.  Phosphide;  phosphates. 
Lead  and  Arsenic.  Action  of  arsenious  acid  on  lead.  Arseniate  of  lead. 
Carbonate ;  white  lead. 

Alloys  of  Lead. — Lead  and  antimony ;  zinc;  copper:  mercury;  gold; 
mlver. 

Ores  of  Lead. — Physical  character  and  chemical  composition  of: 
Galena  or  sulphide  of  lead.  Cerussite,  or  carbonate  of  protoxide  of  lead. 
Anglesite  or  sulphate  of  protoxide  of  lead.  Pyromorphite  or  phosphate 
of  protoxide  of  lead.  Mimetdsite  or  arseniate  of  protoxide  of  lead. 
Minerals  occurring  with  galena. 

Methods  of  assaying  Lead  Ores. 

Extraction  of  Silver  from  Lead.— Pattinson's  process.— TOeoiy  of  the 
process,  methods  of  working,  description  of  tl«?g,|Ri^i@®ci§4eme- 
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chanical  appliances.  Limit  of  eoneentraiion.  Effect  of  foreign  metals. 
Parkes'  process. — Methods  of  working.  Principles  involved.  English 
process  of  cupellation. — Construction  of  furnace,  mode  of  conducting 
the  process,  nature  of  the  products,  chemical  composition  of  the  proeUtets 
and  chemical  reactions  involved.  German  process  of  cupellation  (ab- 
treiben). — Description  of  furnace,  mode  of  conducting  the  process, 
nature  of  tbe  products  and  chemical  composition  of  products.  Keiining 
of  "  Bhcksilber." — In  open  test.   Under  a  mufSe. 

Extraction  of  Lead  from  the  Ore. — Air-reduction  process :  Flintshire 
furnace.— Description  of  the  furnace,  process,  peculiarities,  nature  of 
the  products,  chemical  composition  of  the  products  and  chemical  reactions 
which  occur.  Action  of  lime.  Derbyshire  furnace. — Description  of  the 
furnaces,  process,  nature  and  composition  of  the  products.  Brittanv 
furnace. — rrocess.  Belgian  Flintshire  furnace. — Description.  Spanish 
reverberatory  furnace. — Description  of  and  mode  of  working.  Cornish 
process. — Description  of  caleiner  "  and  of  flowing  furnace  "  process. 
Nature  of  the  products.  Chemical  composition  of  the  products. 
Action  of  iron.  Bltiberg  process.— Peculiarities  of  the  process, 
character  of  the  furnace,  and  method  of  workinj^.  Nature  of  the 
products.  Chemical  composition  of  products.  Modifice^ions  of  the 
process.  Peruvian  furnace. — Description  of  and  mode  of  working. 
Ore  hearth. — Construction  of  the  furnace,  method  of  working,  and 
nature  of  the  products.  Chemical  composition  of  the  products  and 
chemical  reactions  which  occur  in  the  process.  American  ore  hearth. 
Peculiarity .  Advantages.  Indian  method  in  blast  furnaces.  Roasting 
and  deoxidizing  process:  Swedish  process. — Nature  of  the  ores, 
description  of  the  furnace,  mode  of  working,  and  nature  of  the 
products.  Freiberg  process. — Nature  and  classification  of  the  ores, 
description  of  the  furnaces,  method  of  working,  and  nature  of  the  pro- 
ducts. Accessory  products.  Composition  of  the  products  and  chemical 
reactions  involved,  Pontgibaud  process. — Description  of  the  ore,  roast* 
ing  and  blast  furnaces,  mode  of  working,  and  nature  of  the  products. 
Chemical  reactions  involved.  Smelting  of  the  ores  of  Commern. — De- 
scription of  the  ore,  furnaces,  methods  of  working,  nature  of  the 
products.  Chemical  reactions  involved.  Iron  reduction  process.  Tar* 
nowitz  process. — Description  of  the  low  furnace  and  method  of  pro- 
ceeding. Upper  Harz  process. — Method  of  working,  nature  of  the 
produd;s.  Chemical  principles  involved.  Japan  method  with  iron.  Ger- 
man method  with  basic  silicate  of  protoxiae  of  iron. — Description  of 
the  Rachette  furnace. 

Condensation  of  Lead  Fumes. — Description  of  the  various  methods 
and  apparatus  employed.  Physical  characters  and  chemical  composition 
of  lead  fume.   Treatment  of  lead  fiime. 

Softening  of  Hard  Lead. — By  atmospheric  oxidation.  Description  of 
the  furnace,  method  of  working,  and  nature  of  the  products.  By  special 
agents  of  oxidation :  methods  of  proceedings.  Treatment  of  the  dross. 
Liquation  of  hard  lead. 

Reduction  of  Lithai^e. — Methods  of  proceeding  with  reverberatory, 
Bleiberg,  blast,  and  German  cupellation  furnaces.    Chinese  method. 

Manufacture  of  Red  Lead. — General  principles  involved.  Description 
of  the  dressing  and  colouring  ovens.  Methods  of  working  and  nature 
of  the  products.    Drossing  by  machinery.    Chemical  principle  involved. 

Miscellaneous  Details. — Varieties  of  lead  in  commerce.  Impurities 
occurring  in  lead.  Methods  of  testing  for  metals  present  in  lead.  Cast 
sheet  lead.  Milled  sheet  lead.  Lead  suitable  for  pipes,  sulphuric  acid 
chambers.  Red  lead  and  white  lead.  Purchase  of  ores.  Cost  of 
smelting.  Poisoning  by  lead. — Symptoms  of  poisoning.  Preventive 
measures. 
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Physical  and  chemical  properties.  Dilatation  by  heat.  Conduetmtjf 
for  heat  and  electricity.  Specific  heat.  Action  of  heat,  of  heat  and  air, 
of  nitre,  of  chloride  of  sodium,  of  oxide  of  copper,  of  protoxide  of  lead, 
of  sulphate  of  protoxide  of  cojpper,  and  of  acids  upon  silver.  Silrer  and 
Oxypren.  Protoxide;  physical  and  chemical  properties.  Methods  of 
producing.  Action  of  heat.  Action  of  carbon.  Action  of  chlorine. 
Silver  and  Sulphur.  Sulphide;  physical  and  chemical  properties. 
Modes  of  formation.  Action  of  heat.  Action  of  heat  and  air.  Action 
of  heat  and  air  in  the  presence  of  iron  pyrites,  copper  pyrites^  dismlpkide 
of  copper,  blende,  and  galena.  Action  of  hydrogen,  of  steam,  of  adds, 
of  nitre,  of  iron,  of  lead,  of  copper,  and  of  mercury  upon  sulphide  of 
silver.  Combination  with  other  sulphides.  "  Oxidized  silr>er  "  process. 
Sulphate;  physical  and  chemical  properties.  Mode  of  prododng. 
Action  of  heat.  Action  of  chloride  of  sodium.  Mode  of  f(n-mation  oif 
compound  of  sulphide  and  sulphate  of  silver.  Solubility  in  water.  Swl» 
phite ;  hyposulphite ;  methoa  of  preparation.  Action  of  hydrochloric 
acid  upon.  Action  of  hyposulphite  of  soda  on  chloride  of  silver. 
Nitrate ;  physical  and  chemical  properties.  Action  of  heat.  Method  of 
separation  from  nitrate  of  protoxide  of  copper.  Action  of  carbon  and 
phosphorus  upon  solutions  of  Silver  and  Chlorine.  Chloride ;  physical 
and  chemical  properties.  Methods  of  formation  bv  dir  and  wet  pro- 
cesses. Methods  of  reduction  by  carbonate  of  80({a,  by  carbonate  of 
Kmc,  by  zinc.  Action  of  hydrogen,  of  acids,  of  chloride  of  sodium,  of 
cyanide  of  potassium,  of  iron,  lead,  copper,  tin,  antimony,  arsenic,  mer* 
eury,  of  sulphur,  of  metallic  sulphides,  and  of  protoxide  of  lead  upon 
chloride  of  silver.  Silver  and  bromine.  Silver  and  iodine.  Silver  and 
phosphorus.    Silver  and  arsenic. 

Alloys  of  Silver.— SUver  and  lead;  copper;  gold;  zinc:  palUAmj 
antimony. 

Ores  of  Silver. — Physical  characters  and  chemical  oompositioii  of: 
Native  silver.  Silver  glance  or  sulphide  of  silver.  Sulphide  of  ffllver 
and  copper.  Antimonial  silver.  Ruby  silver  or  sulphide  of  silver  and 
antimony.  Brittle  silver  glance.  Sulphide  of  silver  and  arsenic.  Polv- 
basite.  Sulphide  of  silver,  antimony,  and  lead.  Horn  silver  or  chloriae 
of  silver.  Bromide  of  sUver.  Iodide  of  silver.  Nature  of  metali^erous 
minerals  containing  silver. 

Assaying  of  ores  and  alloys  of  silver  by  the  dry  and  wet  methods. 

Methods  of  Extraction. — Extraction  of  silver  from  argentiferons 
copper :  Liquation  process,  or  '*  Saigerarbeit.'*— Description  of  fomaoe. 
Mode  of  operation.  Nature  of  the  products.  Chemical  principles 
involved.  Extraction  of  silver  from  the  ore :  Mexican  amalgamation 
process.— Apparatus  emploved,  materials  used,  method  of  working, 
nature  of  the  products  and  chemical  principles  involved.  Specialties 
the  process.  Working  of  the  silver  amalgam.  Application  of  copper 
amalgam.  Loss  of  stiver  in  the  process.  Chloride  of  siher  process, 
Freiberg  amalgamation  process. — Description  of  furnaces  and  appamtas» 
Mode  of  working  and  chemical  prirtc^les  involved.  Composition  of  silver 
amalgam.  Method  of  separating  the  silver  from  the  amalgam.  Amalga- 
mation of  argentiferous  speise.  Amalgamation  of  argentiferous  copper 
regndus.  Extraction  of  silver  from  argentiferous  regulus :  Zienrogel's 
process. — Description  of  the  furnaces  and  apparatus  employed,  method 
of  operation,  nature  of  the  products,  and  chemical  reactions  involved  in 
the  various  operations.  Specialties  of  the  process.  Augustin's  process.— 
Description  of  the  process  and  chenucal  principles  involved.  Von 
Patera's  method. — Apparatus  used,  materials  employed,  products  ob- 
tained, and  chemical  reactions  in  the  process.  Extraction  of  silver  from  ore 
by  means  of  lead :  Furnaces  used,  method  of  working,  nature  of  the 
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pioduots.  Ckemieol  campasUwn  qf  the  products  and  chemical  reactions 
tuvohed.  Methods  of  plating  or  sUveving :  Old  methods.  On  copper. 
On  steel.  Method  of  silvering  without  the  use  of  hatteries."  Strip' 
pinff  qf  silver  plate. 

Varieties  of  silver  in  commerce.  Metals  occurring  in  silver.  Methods 
qf  testing  sUver  for  foreign  metals. 

Physical  and  chemical  properties.  Dilatation  by  heat.  Conductivity 
for  heat  and  electricity.  Action  of  heat.  Prototride;  physical  pro- 
perties, mode  of  prqforation,  action  of  hydrochloric  aeia.  Teroxidej 
physical  and  chemical  properties.  Ph>to8ulphide ;  methods  of  forma- 
tion, physical  characters.  Tersulphide;  mcme  of  producing,  physical 
characters,  action  of  heat,  of  chlorine,  of  hyposulphite  of  soda,  ana  of  pot- 
ash tgnrn  tersulphide  of  gold.  Gold  and  phosphorus.  Gold  and  arsenic. 
Gold  and  chlorine;  protochloride ;  tercmoriae ;  methods  of  fbrmation. 
Action  of  oxalic  acid,  of  sulphate  of  protoxide  of  iron,  of  ter chloride  of 
antimony  and  of  chloride  of  arsenic  on  solutions  of  chloride  of  gold. 
Preparation  qf  purple  of  Cassias.   Method  of  colouring  "ruby  glass." 

Alloys  of  gold. — Gold  and  copper;  einc;  silver;  lead;  Hn;  antimony; 
iridium:  pkiimm;  palladium j  copper  and  cine;  silver  and  copper. 

Use  of  the  touchstone.  Definition  of  the  terms  "standard"  and 
"carat." 

Ores  of  Gold. — Native  gold ;  physical  character  and  chemical  compo- 
sition. Various  metalliferous  minerals  containing  gold.  Auriferous 
quartz. 

Assaying  of  ores  and  alloys  of  gold  by  dry  and  wet  methods. 

Methods  of  Extraction. — Amalgamation  of  quartz  containing  gold ; 
apparatus  employed,  mode  of  working,  nature  of  the  products,  and 
method  of  extracting  the  gold  from  the  amalgam.  Longmaid's  process. 
Anossow^s  process  by  means  of  iron.  Plattner's  process  by  chlorine. 
Melting  of  gold  dust.   Sweep  refining. 

Separation  of  Gold  from  Silver  and  Copper.  Parting. — Dnr  methods : 
jBv  litharge  and  sulphur.  By  cementation ;  description  of  tne  process. 
Chemical  reactions  involved.  By  sulphur.  Wet  methods :  Nitric  acid 
process ;  apparatus  used,  method  of  working,  and  chemical  principles 
involved.  Sulphuric  acid  process ;  apparatus  employed,  mode  of  work- 
ing, and  chemical  reactions  involved.  Modifications  of  the  process. 
Refining  gold  containing  silver  by  chlorine. 

Varieties  of  Gold  in  Commerce.  Methods  qf  detecting  copper,  silver, 
lead,  tin,  antimony,  platinum,  palladium,  and  iridium  in  gold. 

Mercury  or  Quicksilver. 

Physical  and  chemical  properties.  Action  of  heat,  of  air,  of  acids, 
and  of  chlorine  upon  mercury.  Suboxide  ;  physical  and  chemical  proper- 
ties. Protoxide  or  red  oxide ;  mode  of  formation,  physical  and  chemical 
properties.  Action  of  heat.  Subsulphide  j  physical  and  chemical  proper^ 
ties.  Protosulphide  or  vermilion;  methods  of  preparation,  phvsical  and 
chemical  properties.  Action  of  heat,  of  heat  ana  air,  qf  hydrogen,  of 
icon,  of  lime,  of  alkalies,  of  chlorine,  and  qf  acids  upon  protosulphide. 
Bubchloride ;  physical  and  chemical  properties.  Protochloride;  physical 
and  chemical  properties. 

Amalgams. — Mercury  and  silver ;  gold ;  copper ;  iron  ;  sodium. 

Ores  of  Mercury. — Phvsical  characters  Una  chemical  composition  of : 
Native  mercury.  Cinnabar.  Native  amalgan.  Fahlore  containing  mer- 
cury.   Nature  of  other  minerals  containing  mercury. 

Methods  of  assaying  of  ores  qf  mercury. 
.   Methods  of  Extraction. — Description  of  furnace,  method  of 
nature  of  the  products,  and  chemical  reactions  ^f^^^^^^^^j^J^f 
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methods :  HuanaeaveHca  process.  Ahnadem  process.  Idrian  process, 
Leopold  IVirnaoe  process.  Alberti  process.  Hfthner^s  fumaoe  process. 
QaUery  fmrnaee  process,   FMore  process. 

Iw^urUies  present  in  mercwry.  Methods  qf  testing  mercmry  for  foreUfu 
metals.  Modes  of  purifying  commercial  varieties  of  mercury.  Water 
gilding. 

Cobalt. 

Physical  and  chemical  properties  of  the  metal.  Methods  of  prepara- 
tion. IVotoxide;  mode  of  formation,  physical  and  c^emtoo/ properties. 
Action  of  hydrogen.  Sesc^uiozide ;  methods  of  preparation,  phyaiosl  and 
cAcmtco/ properties.  Action  of  carbon.  Physical  and  cAemica/ properties 
and  mode  of  producing  the  compounds  of  cobalt  and  arsenic.  Arsemate 

cobalt. 

Ores  of  Cobalt. — Physical  character  and  chemical  compositum  of: 
Cobalt  glance.  Smaltme.  Cobalt  bloom.  Nature  of  otAer  uunerdls 
containing  cobalt. 

Methods  <if  estimating  cobalt. 

Cobalt  products.— Smalts ;  mode  of  preparation.  Apparatoa  used. 
Nature  of  the  products.  Chemical  composition  of  the  prodiicts.  Chemical 
principles  involved  in  the  manufacture.  Uses  of  smalts  and  oxide  of 
cobalt.  Silicate  of  protoxide  of  cobalt ;  mode  of  obtaining.  Physical 
characters.  Rinmann's  green :  mode  of  preparation.  Nature^.  Chemical 
composition,  Thenard's  blue;  mode  offireparation.  Nature  of.  Chemical 
composition.  Phosphate  of  cobalt.  Pnnters'  blue ;  application.  Mode 
of  preparation.    Nature  of.   Chemical  composition. 

Nickel. 

Physical  and  chemical  properties  of  the  metaL  Phydical  and  chemi&d 
properties  of  protoxide  ana  peroxide  of  nickel.  Action  of  hydrogen. 
Actum  of  carbon.  Physical  and  chemical  properties  and  mode  of  obtun- 
ing  compounds  of  nickel  and  sulphur.  Physical  and  chemical  properties 
of  the  compounds  of  nickel  and  arsenic.  Nickel  speise;  chemcat  com- 
position. Pottery  nickel.  Action  of  heat  and  air  upon  arsenide  of  iron, 
cobalt,  and  nickel. 

Alloys  of  Nickel. — German  silver;  mode  of  preparation,  physical 
characters  and  composition  of  the  commercial  varieties.  Nature  and 
composition  of  other  alloys  containing  nickel. 

Ores  of  Nickel. — Physical  characters  and  chemical  composition  of: 
Kupfernickel.  Nickeliferous  pyrites.  Arsenical  nickel.  Nickel  glance. 
Millerite.    Nature  of  other  minerals  containing  nickel.    Meteoric  iron. 

Methods  of  assaying  nickel  ores. 

Methods  of  Extraction. — Apparatus  employed,  mode  of  working, 
nature  of  the  products,  and  chemical  reactions  involved. 

Commercial  varieties  of  nickel.    Foreign  metals  occurring  in  nickel. 

AlUBNIC. 

Physical  and  chemical  properties.  Action  of  heat,  and  of  heat  and  air 
upon  the  metal.  Physical  and  chemical  properties,  and  methods  of 
preparation  of  the  compounds  of  arsenic  and  oxygen.  A^ion  of  Kght. 
Action  of  heat.  Action  of  carbon,  of  hydrogen,  and  of  carbonic  oSade 
upon  arsenious  acid.  Physical  and  chemical  properties,  and  methods  of 
oDtaining  the  compounds  of  arsenic  and  sulphur.  Action  of  heat,  of 
carbonate  of  soda  and  carbon,  and  of  cyanide  of  potassium  spon  tie 
sulpkuies  of  arsenic. 

Ores  of  Arsenic. — Physical  characters  and  chemical  composition  of: 
Native  arsenic.  Realgar.  Orpiment.  Mispickel.  Arsaiioal  iron  pyrites. 
Nature  of  other  minerals  containing  arsenic.  ^^^^^^  by  GoOglc 
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Methods  of  esthnttUng  arsenic. 

Methods  used  for  obtaining  White  Anenic. — Description  of  appa- 
ratus, methods  of  working,  nature  of  the  products  and  ehemieal  reaetio»8 
vncived.  Methods  of  r^ning  white  arsenic ;  description  of  apparatus, 
mode  of  working,  and  nature  of  products.  Preparation  and  chenUcal 
coff^pon^iofi  of  yellow  arsenic  glass.  Preparation  and  chemical  composi* 
tion  of  red  arsenic  glass.   Preparation  of  metallic  arsenic. 

Applications  of  arsenic  and  its  various  compounds.  Nature  and 
ehemieal  composition  of  Emerald  Green  and  Scheele*s  green.  Opalescent 
glass.    Mode  of  producing  Green  bronse. 

Antimony. 

Physical  and  chemical  properties  of  the  metal.  Physical  and  chemical 
properties,  and  methods  of  formation  of  the  following  oxides  of  anti- 
mony : — ^Teroxide ;  action  of  carbon,  of  cyanide  of  potassium,  and  of 
sulpnur,  upon  teroxide  of  antimony.  Int<armediate  oxide.  Antimonic 
acid ;  action  of  heat.  Terstilphide;  methods  of  formation.  Physical 
and  chemical  properties.  Action  of  heat,  of  heat  and  air,  of  steam,  of 
carbon,  of  carbonic  oxide,  of  cyanide  of  potassium,  of  nitre,  of  iron, 
of  copper,  of  tin,  and  of  acids  upon  tersulphide  of  antimony.  Glass 
of  antmiony.   Liver  of  antimony. 

Alloys  of  Antimony. — ^Antimony  and  lead.  Action  of  heat  and  air 
upon  tuloys  of  antimony  and  lead.  Antinumiates  of  protoxide  of  lead. 
Naples  yellow.  Composition  of  type  metal  and  stereotype  metal. 
Antimony  and  iron;  cojpper :  "  R^ulus  venus"  tin.  Other  alloys 
containing  antimony  used  tn  the  arts. 

Ores  of  Antimony. — Physical  characters  and  chemical  composition  of: 
Native  antimony.  Antimony  glance.  Valentinite.  Antimony  ocb^. 
Red  antimony  ore.   Nature  of  other  minerals  containing  antimony. 

Assaying  of  ores  of  antimony. 

Methods  of  Elxtraction. — Apparatus  used,  methods  of  working,  nature 
of  the  products.  Chemical  composition  of  the  products,  and  chemical 
reactions  involved  in  the  following  methods  :  —  Liquation  process. 
Reduction  by  iron,  English  process.   French  method. 

Foreign  metals  occurring  in  antimony.  Methods  of  testing  for  foreign 
metals. 

Tin. 

Physical  and  chemical  properties  of  the  metal.  Action  of  heat,  of  air, 
of  heat  and  air,  and  acids  upon  the  metal.  Action  of  tin  on  various 
metallic  oxides.  Physical  and  chemical  properties  of  the  following : — 
Protoxide;  Sesquioxide;  Binoxide ;  " Putty  powder.''  Stannate  of 
soda.  Physical  and  chemical  properties  of  the  following: — Protosul- 
phide  Persulphide;  Protochloride :  Perchloride.   Tin  and  Arsenic. 

Alloys  of  Tin.— Tin  and  copper.  Physical  properties  and  composi- 
tion of  bronze.  Bell  metal,  and  Speculum  metal.  Casting  of  Bronze. 
Tin  and  antimony.  Britannia  metal.  Tin  and  sine.  Tin  and  lead. 
Pewter.  Holder.  Soldering.  Tin,  lead,  and  copper.  Roman  pot  metal. 
Other  alloys  employed  containing  tin.  Bearing  metal.  Amalgam  for 
electrical  machines.   Tin  bronze.    Tinning  of  brass  pins. 

Ores  of  Tin.  —  Nature  and  chemical  composition  of  Cassiterite. 
«  Stream  tin."  "  Mine  tin."  Wood  tin."  Tin  pyrites  or  belUmetal 
ore.   Minerals  occurring  with  tin  ores. 

Assaying  of  tin  ores. 

Smelting  of  Tin  Ores. — In  reverberatory  and  blast  furnaces.  —  De- 
scription of  furnaces  used,  methods  of  working,  nature  of  the  products, 
chemical  composition  of  the  products,  and  chemical  reactions  invoked. 
Refining  of  tm.    Oxland's process.  Digi^i,,^  by  GoQgle 
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Commercial  Varieties  of  Tin. — Commcm  tin.  Refined  tin.  Grain 
tin.  Block  tin.  Fareiffn  tnetah  oecmrring  in  tim.  Methods  of  tettkig  fan- 
foreign  metals. 

Bismuth. 

Physical  and  chemical  properties.  Action  of  heat,  of  air,  Jtont, 
and  of  adds  npon  hismuth.  Terozide ;  mode  of  formation.  Physica!  and 
chemical  properties.  Ac^on  of  carhon.  Protoxide.  Tennilphide; 
methods  of  formation.  I^ysioal  and  chemical  prooerties.  Action  of 
heat.  Action  of  hydrogen*  Action  of  metals  when  heated  with  Tersnt- 
phide  of  Bismuth. 

Alloys  of  Bismuth. — Nature  and  composition  of  alloys  containing 
hismutn  employed. 

Ores  of  Bismuth. — Names  of  yarious  mineralB  containing  bismutii. 
Physical  characters  and  chemieal  eomposHion  of  minerals  contaimng 
bismuth. 

Method*  of  estitnatiug  bismnth. 

Methods  of  Extraction. — Apparatus  used.  Description  of  processes, 
and  chemical  actions  invohea  in  the  various  methods.  OU  methods. 
Recent  methods.   Plattner's  furnace. 

Foreign  metals  occurring  ts  bismuth.  Methods  of  testing  fbr  foreign 
metals. 

Platinum. 

Physical  and  chemical  properties  of  the  metal.  THe  proptrties  of 
Platinum  black  and  Spongy  platinum,  and  methods  of  formation. 

Ores  of  Platinum.— Native  platinum.  Physical  characters.  Metals 
occurring  in.  Minerals  associated  with. 

Methods  of  Extraction. — Wet  method.  Deville's  method.  Melting 
of  platinum.    Working  of  platinum. 

SUBJECT  XX.— NAVIGATION. 

First  Stage  or  Elementary  Coursb. 

General  Notions, — Figure  of  the  earth ;  earth's  diameter,  axis,  poles. 
Meridians ;  equator,  equinoctial.  Parallels  of  latitude ;  latitude,  k)ngi- 
tude.  Difference  of  latitude;  difference  of  longitude.  Rhumb  line; 
course  ;  nautical  distance,  meridian  distance  ;  departure. 

Examples  of  diffierences  of  latitude  and  longitude.  The  meridian 
distance  is  equal  to  the  difference  of  longitude  multiplied  by  cosine  of 
latitude.  When  a  ship  is  sailing  on  a  parallel  of  latitude  : —  (1),  gfven 
tiie  distance  made  good  and  latitude  to  find  the  difference  of 
longitude;  (2),  given  the  difference  of  l<Migitade  and  the  btitnde  to 
fina  the  distance ;  (3),  given  the  meridian  distance  and  the  difference 
of  longitude  to  find  the  latitude. 

The  Conmass. — ^Description  ;  Points.  Number  of  degrees,  minntes, 
and  seconds  in  a  point,  i  point,  i  point,  f  point.  To  reduce  points  and 
parts  of  points  into  degrees,  minutes,  and  seconds,  and  convenely. 

Variation  the  Compass:  easterly,  westerly.  How  to  be  allowed 
(1)  when  it  is  required  to  find  the  true  from  compass  course ;  (2),  to  find 
compass  course  nrom  true. 

Causes  of  Local  Deviation. — How  the  amount  of  local  deviation  is 
ascertained  practically ;  how  allowed.  Examples  of  ocHrrection  of  courses 
for  variation  and  deviation. 

Leeway. — Definition.  Starboard  tack,  port  tack,  close-hauled.  How 
leeway  is  to  be  allowed.  Examples. 

The  Im. — Description.    How  divided. 

Pkme  Sosfffi^. --Construction  of  figures.  Proof  of  fonnubs  used  in 
plane  sailing,  viz.,  connecting  nautical  distance,  difference  of  latitude 
d.p«tur.«dco««e.   Ex^nple..  oi,.ized.,GoOgle 
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Draverse  Sailing. — Definition  of  a  traverse.   To  reaolve  a  traverse* 
Construction  of  traverse  table.  Examples. 
Middle  Latitude  SaUinff, — ^To  prove  the  formulie  used.  Examples. 

Second  Stage  or  Advanced  Course. 

Mereator^s  Frojection  and  Chart, — Description.  How  meridians  are 
laid  down,  and  divided  for  representation  of  the  latitudes.  Chief  value 
of  the  chart  is : — **  That  the  angle  which  a  straight  line  joining  any  two 
"  places  on  a  chart  makes  with  the  meridians  is  equal  to  that  which  the 
"  rhumb  line  joining  the  same  two  places  on  the  globe  makes  with  the 
"  meridians":  proof  of  this. 

To  draw  a  Mercator's  chart.  To  find  the  latitude  and  longitude  of  any 
place  on  the  chart,  and  vice  versd,  firom  the  latitude  and  longitude  to  find 
its  place  on  the  chart.  To  find  the  course  between  two  places  on  the  chart. 
To  find  the  ship's  place  by  the  bearing  of  two  known  places  or  head* 
lands.  To  1^  down  a  rock,  island,  or  headland  from  observed  bearings. 
To  find  the  distance  between  two  places  on  the  chart.  From  the  course 
and  distance  run  to  find  the  place  on  the  chart. 

Proofs  of  rules  used  in  Mercator's  sailing.  Examples. 

Local  Deviation.-- More  accurate  account  of  the  causes  of  sub^perma- 
nent  and  induced  magnetism.  Laws  of  induced  maanetism  in  a  ship. 
Semidicular  and  quadxantal  deviation.  Description  m  modes  for  ascer- 
taining the  amount  of  deviation. 

Great  Circle  Sailing. ^Given  the  latitude  and  longitude  of  two  places 
to  find  the  distance  between  them  on  a  great  circle.  To  find  also  the 
latitude  and  longitude  of  the  vertex.  To  find  a  succession  of  points  on 
a  pea,t  circle  between  two  places.  Examples. 

.  Errors  to  which  the  log  is  liable.  Haying  given  the  apparent  distance 
run  with  given  known  errors  in  log  line  and  glass,  to  find  the  true 
distance. 

To  find  the  difference  of  longitude  made  on  a  traverse.  Sea  journal. 
Taking  a  departure.  Log-boardand  log-book.   Day's  work.  Examples. 

Examination  for  Honours. 

In  addition  to  the  above  there  will  be  required— 
The  proof  of  the  rule  for  finding  meridional  parts,  viz. : — 
m=d- 8988495+  log.  (k>g.  oot.  i  ookt.  —  10). 
PioblemB  in  Marine  Surveying,  &o. 

Text  Books. 

A  TVeatise  on  Navigation  and  Nautical  Astronomy,  by  J.  Riddle  (with 
Tables),  2  vols.,  lis.  Sd.   Tables  separate,  5a. 

(London,  Simpkin  &  MarshaU,  8th  ed.,  1864.) 
Naxiigation  and  Nautical  Astronomy,  by  H.  W.  Jeans,  in  two  parts, 
1^0.,  5«.  each,  or  in  one  vol.  9s. 

(London,  Longman,  new  ed.,  1860.) 
Or,  Navigation  and  Nautical  Astronomy,  by  Merrineld  &  Evers. 

(London,  Longman  &  Co.) 
Nautical  Tables  for  British  Seamen,  by  James  Inman,  8vo.,  lis. 

(London,  Rivington,  1862.) 
For  reference  the  following  books  may  be  consulted : — 

1.  Navigation  and  Nautical  Astronomy  for  British  Seamen,  hj  James 

Inman,  8vo.  (London,  Rivington.) 

2.  Practice  of  Navigation,  by  D.  Raper,  R.N. 

3.  Navigation  and  Nautical  Astronomy,  by  —  Bowditch.  (U.S.America.) 

4.  Glouary  of  Navigation,  by  J.  B.  Harbord,  M.A. 

(London  and  Edinburgh,  W.  Blackwood  &  Sons.) 
Sold  by  J.  D.  Potter,  Admiralty  Chart  Agent,  London. 
6.  0«<tt.«r^^*ro««,.SirJ.F.W.He»chdE  ^.^..^Google 


136 


SUB.  XXI. — ^KAirrrcAL  astronomy. 


SUBJECT  XXI.— NAUTICAL  ASTRONOMY. 

First  Stage  or  Elementary  Course. 

Definition. — Circles  of  declination  or  hour  circles.  Eaoinoetial  points. 
Ecliptic,  obliquity  of  ecliptic,  signs  of  the  zodiac.  Precession  of  the 
equinoxes,  circles  of  celestial  latitude.  Latitude  and  lon^tude  of  a 
cdestial  body. 

Declination,  right  ascension,  right  ascension  of  the  meridian,  sensible 
and  rational  horizon.  Zenith,  nadir,  vertical  or  azimuth  circles  or 
circles  of  altitude.  Altitude,  azimuth,  and  amplitude  of  a  bcaarenly 
body.  Parallels  of  altitude.  Six  o'clock  hour  circle.  Prime  vertical. 
Colatitude. 

Proof  that  the  altitude  of  the  elevated  pole  is  equal  to  the  latitude  of 
the  observer.  Illustration  by  diagrams ;  projections  on  the  meridian  and 
horizon. 

Time.  Apparent  noon,  apparent  solar  day,  mean  solar  day,  mean 
noon,  equation  of  time.  Sioereal  day.  To  convert  intervals  of  mean 
time  into  sidereal  time,  and  vice  versd.  Illustration  of  these  definitions 
hj  diagrams.  Difference  between  civil  and  astronomical  reckoning  of 
time.   To  convert  arc  into  time,  and  time  into  arc. 

To  find  the  Greenwich  date,  the  time  at  any  other  place  and  longitude 
being  given.  To  take  out  the  right  ascension  of  the  mean  sun  for  a 
given  mean  Greenwich  date. 

The  corrections  of  altitudes : —   

1.  Dip, — Proof  that  dip  in  minutes='9784yA,  A  being  reckoned 

in  feet. 

2.  Refiraction. — Why  necessary?   Show  generally  how  it  is  measured. 

Refraction  =57"  tan  Z.D  nearly. 
S.  Correction  for  semi-diameters. 

4.  Parallax, — Horizontal  parallax  X  cos.  apparent  altitude  =  p^n^T 
in  altitude. 

Sextant, — Description.  Adjustments,  how  to  make  them.  Index  enor, 
how  it  may  be  found. 

'Chronometer. — Error  and  rate.   Reading  of  the  chronometer. 

Equation  of  time, — How  it  is  to  be  applied  to  the  mean  time  to  obtain 
the  apparent  time,  and  conversely. 

To  nnd  the  latitude  by  a  meridian  altitude  of  the  sun :  proof  of  the 
rule  and  examples.   To  find  the  latitude  by  a  meridian  altitude  of  a  star. 

To  find  the  mean  time  at  any  place  and  also  the  Greenwich  mean 
time  of  the  passage  of  a  star  over  a  given  meridian  on  a  given  day, 
and  the  distance  at  which  it  passes  north  or  south  of  the  zenith.  To  find 
the  latitude  by  the  altitude,  (1),  of  the  sun;  (2),  of  a  star  bdow  the 
pole.  To  find  the  latitude  by  the  altitude  of  the  pole  star.  To  fimd 
the  variation  or  local  deviation  by  the  observed  azimuth  or  amplitude  of 
the  sun.  Proof  of  the  rules  for  finding  the  azimuth  and  amplitude. 
Applications  of  the  rules  to  find  the  variation  or  deviation. 

To  find  the  hour  angle  of  a  heavenly  body  east  or  west  of  the  meridian. 
To  compute  the  mean  or  apparent  time  at  any  place  from  the  observed 
altitude  of  a  heavenly  body.  To  find  the  error  and  rate  of  ^c  dmmo- 
meter.  To  find  the  longitude  by  the  chronometer. 

Second  Stage  or  Advanced  Course. 

For  the  advanced  course,  in  addition  to  tiie  above,  the  candidate  will 
be  required : — 
To  find  the  latitude  by  the  moon : — 

1 .  To  find  the  mean  time,  and  Greenwich  date,  of  the  moon's  meridian 

passage  on  a  given  astronomical  day  in  a  given  altitude. 

2.  To  find  the  semidiameter  and  horizontal  parallaK  of  the  mooo  for 

•  giT«.  Gwenwich  d«te  (mean  time)  from  thet,||||^i94}^,m^ 
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3.  To  take  out  the  moou'a  declination  ft-om  the  Nautical  Almanac. 

4.  To  find  the  latitude  by  the  meridian  altitude  of  the  moon  above  and 

below  the  pole.  Examples. 
To  compute  the  reduction  of  the  horizontal  parallax. 
To  define  the  angle  of  the  vertical,  and  to  describe  the  method  of  com- 
puting it. 

'  To  compute  the  augmentation  of  the  moon's  semi-diameter. 
To  prove  the  following  rules : — 

1.  For  the  reduction  of  the  altitude  of  any  celestial  body  observed  at 
one  place  to  what  it  would  have  been  if  observed  at  the  same  instant 
at  another  place. 

2.  For  finding  the  latitude  by  the  altitude  of  the  pole  star. 

3.  For  findii^f  the  latitude  by  altitudes  of  any  celestial  body  near  the 
meridian. 

4.  For  finding  the  hour  angle  of  a  celestial  body  from  the  observed 
altitude. 

5.  For  finding  the  rising  and  setting  of  celestial  bodies  and  twilight. 
The  error  of  hour  angle  for  small  errors  in  observed  altitude,  when 
least. 

7.  For  finding  the  latitude  and  lon^tude  by  means  of  two  altitudes. 

8.  For  computing  the  altitude  of  a  given  celestial  body  for  a  given  time, 

9.  The  rnetnod  of  clearing  a  lunar  distance  from  the  effects  of  parallax 
and  refraction. 

And  to  work  practical  examples  of  all  these  rules. 

To  compute  the  latitude  and  longitude  by  double  altitudes — 1.  By 
Ivory's  method.   2.  By  the  direct  method. 

To  find  the  error  of  the  chronometer  by  equal  altitudes  of  the  sun  or 
of  a  fixed  star.  To  compute  the  apparent  altitude  from  the  true  altitude. 
To  compute  the  longitude  bv  an  oDserved  lunar  distance.  To  describe 
Summer's  method  for  finding  latitude  and  longitude.  Cyclones  and  tides. 

Examination  for  Honours. 
In  addition  to  the  above  : — 

Method  of  computing  the  moon's  right  ascension  from  an  occultatioa 
of  a  fixed  star.  Longitude  by  eclipses  of  Jupiter's  satellites.  To  find 
the  position  of  an  unknown  star  or  comet  by  its  distances  from  two 
known  stars.   Astronomical  problems. 

Text  Bookh. 

For  studying  this  subject  the  same  books  may  be  mentioned  as  have 
already  been  given  at  the  end  of  the  courses  on  Navigation, 

SUBJECT  XXII.-STEAM. 

First  Stagb  or  Elementary  Course. 

In  the  first  paper  the  questions  will  be  restricted  to  those  portions 
of  the  syllabus  comprised  under  the  heads  numbered  I,  2,  and  3,  or 
1,  2,  and  4  respectively,  and  the  students  will  be  expected  to  possess  a  fair 
elementary  knowledge  of  the  subject. 

Second  Stage  or  Advanced  Course. 
In  the  second  or  advanced  paper  the  questions  will  bear  upon  those 
portions  of  the  syUabus  numbered  1,  2,  3,  and  6,  or  I,  2,  4,  and  5 
respectively,  and  a  more  exact  knowledge  of  details  will  be  expected. 

Examination  for  Honours. 
The  range  of  subjects  will  be  the  same  as  in  the  advanced  course, 
but  the  questions  will  extend  over  that  portion  comprised  under  the  sixth 
hwdofthesyllabu..  Digitized  ^GoOQle 
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1.  Introductory  Matter,— The  expansion  of  bodies  by  beat,  the 
liquid  and  gaseous  states  of  matter,  the  co-efficient  of  expan* 
sion,  energy  of  the  atomic  forces,  practical  illoatrations  of  the 
expansion  and  contraction  of  various  substances;  the  tempeni- 
ture  of  bodies,  instruments  for  measuring  temperature,  the 
thermometer,  comparison  of  thermometers  when  differeuUj 
graduated,  pyrometers;  the  capacity  of  bodies  for  heat,  the 
calorimeter ;  the  conversion  of  work  into  heat  and  of  heat  into  work, 
the  consumption  of  beat  in  lic^uefaction  and  vaporisation;  the 
convection  of  heat,  the  method  m  which  a  large  mass  of  water 
may  become  heated ;  the  conduction  of  heat,  good  and  bad  con- 
ductors, experimental  illustrations ;  the  formation  of  vapour  and 
steam,  the  boiling  points  of  fresh  and  salt  water,  the  causes  which 
influence  the  boiling  temperature  of  water,  high-pressure  steam, 
measure  of  steam  pressure  by  atmospheres,  steam  when  in  contact  or 
not  in  contact  with  water,  tiie  relation  between  the  pressure,  density 
and  temperature  of  steam,  the  specific  gravity  of  steam,  ihe  latent 
heat  of  steam,  the  quantity  of  water  reouired  to  produce  condensa- 
tion, common  and  superheated  steam,  tne  analysis  of  sea  water. 

The  radiation  of  beat,  the  absorption  of  heat,  the  general 
relation  between  radiation  and  absorption,  good  and  bad  radiators 
of  heat,  experimental  illustrations. 

The  oxiaation  of  metals,  the  effects  of  galvanic  action. 

2.  Steam  Engine,  —  Newcomen's  atmospheric  pumping  engine,  its 

defects;  the  discoveries  of  Watt,  the  separate  condenser,  the 
expansive  working  of  steam,  its  economy,  its  value  in  regulating 
the  power  of  an  engine. 

Details  connected  with  Watt's  single-acting  pumping  engine; 
the  steam  cylinder,  the  valves  connected  with  it,  their  action, 
the  condenser,  the  air-pump,  the  foot  valve,  the  delivery  valve,  the 
snifting  valve,  the  hot  well,  the  piston  rod,  stuffing  boxes  and 
glands,  the  parallel  motion ;  the  method  of  starting  the  engine, 
and  of  regulating  its  speed,  the  cataract. 

The  double-acting  condensing  beam  engine,  the  principle  upon 
^vhich  it  works ;  details  of  the  various  parts,  the  cylinder,  how 
constructed,  the  ports  or  openings  into  the  cylinder,  the  forms 
of  slide  valve  in  common  use,  the  locomotive  or  three-ported 
valve,  the  lap  on  a  valve,  the  eccentric,  the  lead  of  a  valve, 
cushioning  the  steam,  clearance,  details  of  the  piston,  metallic 
packing-rmgs ;  the  expansion  valve,  and  the  gear  connected  with 
it ;  the  air-pump,  conaenser,  the  supply  of  water  for  condensation, 
blowing  through,  gauges  for  the  condenser,  the  barometer  ffauge, 
method  of  estunating  pressure  by  it,  errors  in  this  method,  and 
correction  of  the  same;  the  connecting  rod,  the  strap  gib  and 
cutter,  the  parallel  motion,  the  governor,  the  fly-wheel. 

The  principle  of  an  equilibrium  valv^  the  double  beat  valve, 
the  crown  valve,  the  throttle  valve,  the  gridiron  valve. 

The  high-pressure  engine  without  condensation,  the  expansiTe 
principle  as  applied  in  the  double  cylinder  condensing  engine. 

The  forms  of  boiler  in  common  use :  the  Cornish  lK>iler,  the 
cylindrical  boiler  with  internal  flues,  the  vertical* boiler,  heating 
and  fire-grate  surfaces,  the  evaporative  power  of  boilen,  bdkr 
chimneys  ;  the  strength  of  boilers,  the  use  of  stays,  the  proving  of 
boilers.  Boiler  appendages ;  safety  valves,  reverse  or  atinospheric 
valves,  communication  or  stop  ^'alves,  the  glass  water  gauge,  steam 
pressure  gaiige^  various  forms.  Bourdon's  gauge,  feed  pumps. 

3.  The  Locomotive  Engine, — The  general  construction  of  a  locomotive 

engine  and  boiler  before  the  invention  of  Stephenson,  the  KiUii^* 
worth  engine ;  description  of  the  Rocket  engine  hyJSL  Steohensoii 
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as  the  type  of  the  modern  locomotive^  the  tubular  hoiler,  the  draught 
producea  by  the  discharge  of  waste  steam. 

The  arrangement  of  an  engine,  the  cylinders,  their  position, 
steamways,  ports,  slide  valve,  water  cocks,  grease  cocks,  the 
piston  and  packing-rings,  piston-rod,  guides,  connecting  rod,  eccen- 
trics, the  reversing  or  link  motion,  reversing  lever,  sector,  expansive 
working,  crank  axle  and  driving  wheels,  power  required  for  trac- 
tion, adhesion  of  the  driving  wheels,  counter  weights  to  enrnks, 
wheels  and  axles,  axle-boxes,  bearing  springs,  buffer  and  draw 
springs,  friction  brakes. 

Details  of  the  boiler;  the  fire-box,  the  inner  and  outer  shell,  ribs 
on  the  crown  of  the  fire-box,  the  cylindrical  barrel,  the  tubes,  mode 
of  fixing  them^  through  tie  rods,  the  ashpit,  the  smoke  box,  the 
blast  pipe,  mechanical  action  of  the  blast,  the  steam  chesl^  tiie 
outer  dome,  the  steam  pipe,  the  regulator,  safety  valves,  preasure 
gauges,  whistles,  blow-off  cocks,  feed  pumps,  GifPa^'s  injector; 
evaporative  power  of  the  boiler,  fire-grate  and  heating  surface,  tx>m- 
bustion  of  fuel ;  the  tender,  water-tank,  brake,  feed  pipes. 

The  permanent  way;  varieties  of  ndls  in  eommon  use,  timber 
sleepers,  transverse  and  longitudinal  systems ;  jointing  of  rafls,  the 
fish  joint ;  the  tyres  of  wheels,  their  form,  general  description  of 
switches  and  crossings. 
4.  The  Marine  Steam  Engine. — Side  lever  engine,  the  oscillating  engine 
for  paddle-wheel  stumers,  the  vertical  trunk  engrine ;  the  Gor^fon 
engines,  the  object  of  this  arrangement ;  other  forms  of  engme. 
Engines  for  screw  propellers,  direct  acting  engines  with  or  without 
multiplying  gear,  Penn's  trunk  engine,  Maudslay  and  Field's  return 
connecting-rod  engine. 

Details  of  parts  connected  with  the  working  of  a  marine  engine ; 
the  air  pump  bucket  and  valves,  double-acting  air  pump,  India- 
rubber  disc  valves,  cylinder  escape  valves,  bilge  and  feed  pumps, 
expansion  valves,  expansion  cams  and  gear.  The  method  of 
reversing  an  engine  when  fitted  with  a  single  eccentric,  reversing 
by  a  double  eccentric,  the  link  motion.  *  Paddle  wheels,  feathering 
of  the  floats,  disconnexion  and  inunersion  of  wheels.  The  screw 
propeller,  various  forms,  length,  angle,  pitch,  and  area  of  screw 
blade,  disconnecting  and  raising  the  screw,  the  position  of  the 
screw  propeller  in  the  vessel,  the  sHp  of  the  screw,  the  method  of 
receiving  the  thrust  upon  the  vessel,  soft  metal  bearings. 

The  marine  tubular  boiler,  how  constructed,  gun-boat  boilers, 
the  steam-chest,  fire-bridge  and  ashpit,  the  funnel  and  its  casing, 
waste-steam  pipe,  water  gauge,  gauge  cocks,  pressure  gauges,  safe^ 
valves,  reverse  vsJves,  stop  valves,  feed  pumps,  boiler  hand-pumps, 
feed  or  donkey-engine,  Kington's  valves,  blow-out  cocks,  brine- 
pumps  and  brine-valves,  the  methods  of  ascertaining  the  degree  of 
saltness  of  the  water  in  a  boiler,  amount  of  saltness  permissible, 
formation  of  scale,  superheating  apparatus,  surface  condensation. 

Practical  working ;  getting  up  the  steam,  filling  the  boilers,  laying 
the  fires,  attention  to  various  parts  of  the  engine  while  the  steam  is 

fetting  up,  mode  of  starting,  working  the  engines  at  moorings, 
timing ;  its  causes  and  remedies.  Duties  to  machinery  when  under 
steam,  boilers,  fires,  &c.  Injection  pipes.  Kingston's  valves.  Leaks 
in  engines.  Bearings  of  engines.  Expansive  working.  Manage- 
ment of  fuel.  Damages  and  repairs  to  boiler,  &c.,  after  accidents. 
Duties  to  engine,  &c.,  on  arriving  in  harbour. 
6.  Cafcttto/toiw.—Methods  of  measurmg  the  efficiency  of  steam  engines. 
*  The  duty  of  an  engine.  The  horse  power.  Mercantile  or  nominal 
horse  power. 

The  indicator;  the  ends  it  fulfils,  description  of  the  i^a*^^ 
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the  atmospheric  line.  Method  of  taking  a  diagram.  The  general 
configuration  of  diagram  to  be  expected  under  various  dxcum- 
Btances.  Examination  of  the  indicator-diagram  when  the  steam  is 
throttled ;  when  expansive  gear  alone  used,  and  in  other  cases.  To 
ascertain  the  horse-power  of  an  engine  by  means  of  the  indicator. 
The  indicator-diagram  in  a  high  pressure  or  locomotive  engine. 

The  principle  of  the  parallel  motion  of  a  beam  engine. 
6.  Coicu/o/iojw.— Investigation  of  the  work  done  by  the  evaporation 
of  water.  Estimation  of  the  work  done  in  one  stroke  of  the 
piston,  the  same  taking  clearance  into  account.  To  find  the 
horse  power  from  the  evaporation  in  the  boiler.  De  Pambour's 
theory.  Velocity  of  maximum  useful  efiTect.  To  find  the  evapo- 
ration of  a  condensing  enffine  of  given  dimensions  and  horse 
power,  the  piston  moving  with  a  given  velocity  with  and  without  ex- 
pansion. To  find  the  pressure  in  the  cylinder,  knowing  the  effective 
evaporation.  To  find  the  diameter  of  a  cylinder  to  work  at  a  certain 
speed,  knowing  the  evaiK>ration.  To  find  the  evaporation  in  the 
boiler,  knowing  the  diameter  and  velocity  of  the  piston  and  the 
pressure  of  steam  in  the  cylinder  with  and  without  expansion, 
llie  same  for  locomotive.  Watt's  engines,  &c. 

The  screw — ^to  find  its  area,  to  find  abo  the  angle  of  the  helix  or 
thread  of  the  screw  propeller,  and  the  pitch.  The  power  exerted  by  a 
screw.  How  far  the  slip  depends  on  the  form  and  dimensions  of 
the  screw.  Motion  of  the  paddle-wheels,  &c.  Consumption  of  fnd. 
Measure  of  the  locomotive  performance  of  marine  steam  engines. 
To  find  the  angle  the  crank  has  moved  through  when  the  piston  is 
at  a  given  distance  from  the  top  of  the  stroke.  Amount  of  work 
developed  by  the  crank  in  a  half-revolution.  Length  of  the  radius- 
bar  in  a  side  lever  engine.  Work  done  in  the  up  and  down  stroke 
of  the  air  pump.  The  best  temperature  for  the  condenser  of  a  steam 
engine.   Qualities  of  fuel,  &c. 

Diagram  showing  the  relative  motions  of  the  slide  and  pistcm  at 
every  point  of  the  stroke. 

Dynamometer :  to  £nd  horse-power  of  engine  by  means  of  it. 

Text  Books. 

The  following  books  may  be  mentioned  : — 

Treaiiite  on  the  Marine  Steam  Engine,  by  T.  J.  Main  and  T.  Brown, 
8vo.,  125.  6c/.  (London,  Longman,  5th  ed.,  1865.) 

On  the  Indicator  and  Dynamometer,  by  T.  J.  Main  and  T.  Brown» 
8vo.,  4$,  6d,  (London,  Longman,  1857.) 

Catechism  of  the  Steam  Engine,  by  J.  Bourne,  12mo.,  6s. 

(London,  Longman,  1868.) 
Manual  of  the  Steam  Engine,  by  the  Rev.  J.  A.  Galbraith. 

And  for  reference — 
Railway  Locomotives,  by  D.  K.  Clark,  2  vols.,  folio,  70s. 

(Edinburgh,  Blackie,  185^.) 
Treatise  on  the  Steam  Engine,  by  J.  Bourne,  4to.,  42s. 

(London,  Longman,  5th  ed.,  1861.) 
Examples  of  Modem  Steam,  Air,  and  Gas  Engines,  by  J.  Bourne,  Put 
I.,  4to.,  2s.  6d.  (London,  Longman,  1868.) 

SUBJECT  XXIII.-PHYSICAL  GEOGRAPHY. 

First  Stage  or  Elbmbntary  Coursb. 

For  this  stage  or  course  it  will  be  expected  that  the  student  shall 
understand  and  be  able  to  express  the  smnple  facts  of  the  science  and 
explain  the  terms  in  common  use.  The  following  synopsis  will  be  found 
to  mclude  the  various  branches  of  the  subject  leqoued t 
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1.  The  fonii  and  motionB  of  the  earth.    Its  division  into  land  and 

water.  Size  and  shape  of  continents.  Low  lands,  their  position 
and  the  names  by  which  they  are  known.  Hi^h  lands  or  phiteauz. 
Hills.    Mountains  and  mountain  systems.  Valleys. 

2.  The  ocean  and  its  extent.  The  names  given  to  different  parts.  Its 

depth  where  known.  Its  saltness.  The  movements  of  the  ocean. 
Marine  currents.  Waves. 

3.  Rivers  and  river  systems.  Lakes. 

4.  The  air,  its  nature,  extent,  and  principal  uses.    Permanent  winds. 

Periodical  winds.  Storms. 

5.  Dew.    Clouds  and  rain.   Snow  and  hail.   Nature  of  climate. 

6.  The  nature  of  earthquakes.   The  nature  of  a  volcano.  Earthquake 

bands  and  bands  of  volcanic  action.  The  simple  phenomena  of  a 
vdcanic  eruption. 

7<  The  mode  in  which  plants  and  animals  are  distributed  on  the  earth. 
The  mutual  relations  of  horizontal  and  vertical  distribution.  The 
meaning  of  representative  species  and  the  principal  groups  of  plants 
and  animals  that  represent  others  in  different  continents  and  large 
islands. 

8.  The  different  races  of  men.   The  mode  in  which  they  are  now  dis- 
tributed on  the  earth. 
The  examination  questions  set  in  this  elementary  paper  will  not  in- 
volve more  than  a  knowledge  of  such  facts  as  are  taught  in  the  ordinary 
text  books. 

For  a  mere  pass  it  will  only  be  required  that  the  answers  should  be  so 
far  correct  and  definite  as  to  show  that  reasonable  care  has  been  taken 
in  explaining  the  subject,  assuming  ordinary  intelligence  and  exertion 
on  the  part  of  a  young  pupil.  For  a  first  class  in  this  stage  sound 
elementary  knowledge  and  clearness  of  definition  will  be  indispensable. 

Second  Stage  or  Advanced  Course. 

The  more  advanced  students,  who  come  up  in  the  second  stage, 
will  not  pass  without  exhibiting  something  more  than  mere  elementuy 
knowledge.  They  must  have  a  knowledge  of  principles  as  well  as  focts. 
They  will  be  expected  to  have  acquired — 

a.  So  much  elementary  astronomy  as  relates  to  the  position  of  the 

earth  in  the  solar  system,  its  magnitude  and  rotation,  and  the 
influence  of  the  sun,  moon,  and  otber  bodies  distributed  through 
space  on  terrestrial  phenomena. 

b.  So  much  of  elementary  physics  and  inorganic  chemistry-as  includes 

the  nature  and  mode  of  action  of  the  physical  forces  and  the 
composition  of  rocks. 

c.  So  much  of  elementary  geology  and  mineralogy  as  includes  a  know- 

ledge of  the  nature  of  rocks,  their  superposition,  succession,  and 
disturbances. 

d.  So  much  of  paleeontology  as  includes  a  knowledge  of  the  distribu- 

tion of  life  in  time. 

The  bearing  of  these  departments  of  knowledge  on  physical  geography 
oommonly  so  called  should  be  understood.  The  terms  used  in  them 
must  be  well  appreciated  and  briefly  defined  when  definitions  are  asked. 

The  following  more  complete  synopsis  of  physical  geography  will  show 
the  nature  of  an  advanced  course  of  instruction  : — 

1.  Land.   lUlatioaof  continents  and  islands.   Protuberance  of  land 

and  preponderance  of  land  in  one  hemisphere.  Form  of  extremities 
of  land.  Grouping  of  islands.  The  geographical  axes  of  the  two 
continents.  Influence  of  the  form  of  a  coast  line.  Characteristic 
features  of  the  various  great  masses  of  land. 

2.  Mountain  axes  and  mountain  systems.   Details  of  the  great  moun- 

tain systems  of  the  world,  especially  with  regard  to  the  ^^^^^^ 
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Relations  of  the  di£fereot  parts  of  the  great  moantun  syrtnn  of 
Europe  and  Asia.  Isolated  mountains  and  mountain  system  of 
Africa.  Mountain  system  of  America.  Culminating  points.  Knots 
in  mountain  chains, 

3.  High  plains  or  plateaux ;  their  nature  and  poution.   Their  rdations 

with  the  geographical  axes  and  to  geological  structure.  Exam- 
pies  of  plateaux.  Plateaux  in  small  islands.  Sieiras  or  mountain 
ridges  rising  from  plateaux.  The  drainage  of  plateaux  bj  deqi 
nairow  vallevs. 

4.  Low  plains;  tneir  distribution  and  r^ation  to  high  bbdns  and  moun* 

tains.  The  low  plains  of  the  principal  natural  divisions  of  the 
world.  The  steppes  of  Asia.  Deserts  of  Africa  and  Arabia.  Sa> 
vannahs  and  prairies  of  North  America.  Silyas,  Llanos^  Pampas 
of  South  America.  The  characteristics  of  each.  YaUeys;  their 
Tarieties  and  peculiarities.  Difference  between  mountain  valleys 
and  the  vallejrs  of  phiteaux. 

5.  Water ;  its  position  on  the  earth.   Natural  divisions  caused  by  the 

TOOtuberance  of  parts  of  tiie  earth.  Oceans  and  inland  seas. 
Depth  of  the  ocean,  and  means  of  ascertuning  its  depth.  Nature 
of  the  ocean  floor.  Form  of  the  bottom  of  the  ocean.  Solid  con- 
tents of  water.  Density  of  water  under  different  circumstances. 
Effect  of  cold  on  water.  Temperature  of  the  sea.    Colour  of  water. 

6.  Motion  of  water.   Waves.   The  tidal  wave.   Currents.   The  prin- 

cipal stream  currents.  Drift  currents.  Irregular  movements  €i 
water.   Sargasso  seas. 

7.  Circulation  of  water  by  rivers.   Drainaf^  areas  and  river  basins. 

Nature  of  water  sheds.  Origin  of  rivers.  Floods  and  flood 
moderators.  River  systems  of  the  world.  Rivers  draining  into 
the  ocean.  Rivers  drainmg  into  lakes.  Groups  of  lakes;  thesr 
extent  and  peculiarities.    Waterfalls  and  rapids. 

8.  Circulation  of  water  in  the  interior  of  the  earth.    Course  of  rain 

water  through  rock.  Issue  of  this  water  in  springs.  Temperature 
of  springs.  Mineral  and  ^eous  contents  of  springs.  Quantiiif 
of  water  issuing  from  springs,  and  of  solid  matter  deposited  by 
them.   Variation  of  springs. 

9.  Conveyance  of  water  by  clouds,  and  its  deposit  as  rain.  Distribu- 

tion  of  rain.  Proportion  of  rainfall  that  runs  over  the  eartii's 
surface.  Formation  of  snow.  Circumstances  under  whieh  it  is 
formed  and  deposited.  Snow  line;  its  position  in  different  parts 
of  the  world.  Passage  of  snow  into  ice.  Glaciers ;  their  andent 
and  modem  history.  Glacial  action;  its  nature  and  results. 
Icebergs — ^how  and  where  formed;  thor  influence.  Hail;  its 
formation  and  effects. 

10.  The  atmosphere.   Composition  and  properties  of  air.    Its  uses  and 

effiects  on  light.  Its  extent.  Its  colour.  Effect  of  heat  on  the 
atmosphere.  Waves  of  sound.  Nature  of  wind.  Pcnnanent 
winds.  Periodical  winds.  Circulation  of  the  air  by  upper  cnr- 
rents  from  the  equator  to  the  poles,  and  corresponding  return 
currents  from  the  poles  to  the  eouator.  Distribution  of  winds  in 
both  hemispheres.  Special  local  winds  and  their  cause.  Various 
kinds  of  storm  winds.  Nature  of  cyclonic  storms.  Phenomena 
connected  with  such  storms. 

1 1 .  Phenomena  of  weather  and  climate.    Causes  that  produce  or  modify 

climate.  Lines  connecting  places  having  equal  annual,  equal  sum- 
mer, or  equal  winter  heat.  Value  of  such  lines  as  indicating  climate. 
Conditions  that  affbct  weather  and  climate.  Cycles  of  weather 
And  climate.   Changes  of  climate,  and  the  cause  of  such  changes. 

12.  Volcanic  phenomena.    General  action  of  volcanoes,   llie  conditions 

^  a  volcanic  eruption.  The  parts  of  the  world  that  contain  volcanoes. 
Number  of  volcanoes  in  tAe  dUhnmt  g^mbM^y®^}^^ 
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luBtoiy  of  the  eruptions.  Inactive  or  extinct  volcanoes.  Pseudo- 
volcanoes  and  phenomena  connected  with  decaying  volouiic activity. 
Geysers,  solfataras,  and  mud  volcanoes.  Volcanic  action  under  the 
sea.  Periods  and  cycles  of  volcanic  disturbance.  Earchouakes. 
Zones  of  earthquake  disturbance.  Relation  of  earthquakes  to 
volcanoes.   Periodicity  of  earthquakes. 

13.  Distribution  of  life  on  ibe  earth.    Persistence  of  life.    Origin  of 

species.  Modification  of  species.  Grouping  of  plants.  Represen- 
tative and  typical  species.  Advance  of  certain  tonus  of  plant  life. 
Migration  and  migratory  powers  of  plants.  Floras  of  different 
countries.  Distribution  of  floras.  Faunas,  their  distribution. 
Groups  of  characteristic  animals.  Migration  and  migratory  in- 
stincts. Limitation  of  these  instincts.  Distribution  of  plants  and 
animals  in  time.   Extinction  and  replacement  of  species. 

14.  Distribution  of  man.   Date  of  introduction  of  the  human  family. 

Early  existence  of  certain  typical  groups.  Mode  in  which  these 
groups  differ  anatomically  among  each  other.  Mixed  races.  Mi- 
grating and  settled  races,  and  their  mutual  influence.  Natural 
and  artificial  limits  of  extension  of  the  various  races.  Influence  of 
man  on  extemsl  nature. 
Sound  knowledge  of  the  main  facts  and  an  acquaintance  with  the 

mode  of  action  of  natural  causes  to  produce  results  will  be  expected  from 

the  more  advanced  students. 

Examination  for  Honours. 

For  this  examination  it  wfll  be  expected  that  the  candidates  shall 
not  only  be  fumiliar  with  the  ordinary  facts  and  inferences,  but  that  they 
should  be  able  to  give  a  tolerably  complete  outline  in  their  own 
language  of  groups  of  facts  and  their  mutual  bearing,  together  with 
explanations  of  natural  phenomena  on  which  the  principles  of  physical 
geography  depend. 

Sound  knowledge  acquired,  not  only  from  text  books,  but  from  a 
thoughtful  examination  of  the  views  of  various  authors  or  ftom  a 
personal  study  of  the  facts  and  phenomena  will  be  expected  from  those 
who  seek  an  honour  certificate,  and  very  clear  and  definite  information 
on  the  subjects  attempted  will  be  indispensable. 


For  instruction  in  physical  geography  there  are  several  recognised 
text  books.  It  unfortunately  happens  that  in  some  of  the  text  books  in 
use  in  science  schools,  important  facts  are  incorrectly  stated,  and  teachers 
employing  them  must  be  careful  to  make  the  requisite  alterations  in  their 
course  of  teaching. 

Text  Books. 

The  foUowhig  books  may  be  mentioned  : — 

(1.)  For  elementary  instruction  in  science  classes. 
The  World  we  Live  in,  or  First  Lessons  in  Physical  Geography,  by 
Prof.  D.  T.  Ansted,  12mo.,  2^.  ( London,  Allen  &  Co.,  new  ed.,  1869.) 
Outlines  of  Physical  Geography,  by  E.  Hughes,  12mo.,  3*.  6<f. 

(London,  Longmans,  new  ed.,  1866.) 
Text  Book  of  Physical  Geography,  by  Dr.  Page,  12mo.,  2s. 

(Edinburf?h,  Blackwood,  18fi3.) 
Physical  Geography  for  Schools,  by  M.  F.  Maury,  12mo.,  2s.  6rf. 

(London,  Longmans,  18^.) 

(2.)  For  advanced  instruction  : — 
Physical  Geography,  by  Prof.  D.T.  Ansted,  small  8vo.,with  raans,^8«. 

f  London,  Allen  &  Co.,  new  ed.,  1870.) 
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Physical  Geography,  by  Mrs.  Somervillc,  new  edition,  revised  by  H. 

W.  Bates,  Sec.  R.  Geogr.  Soc.  (London,  Murray,  1870.) 

Physical  Geogr mahy,  by  Sir  John  Herscbel. 

Two  Thousand  Examination  Questions  in  Physical  Geography,  by  Prof. 
D.  T.  Ansted,  12mo.,  2s.  (London,  Allen,  1870.) 

(3.)  For  general  reference : —  ^ 
Physical  Geography  of  the  Sea,  by  M.  F.  Maury,  8vo.,  5*.  f^9^9 
(London,  Sampson,  Low,  &  Co.,  12th  ed.,  1866.) 
jRctn  and  Rivers,  by  Col.  George  Greenwood,  8vo. 

(London,  Longmans,  2nd  ed.,  1866.) 
Man  and  Nature,  by  George  P.  Marsh,  8vo. 

(London,  Sampson,  Low,  8c  Co.,  1864.) 
Prichard's  Natural  History  of  Man,  8vo.  (London,  Bailliere,  1848.) 
Principles  of  Geology,  by  Sir  C.  Lyell,  2  vols.,  8vo,,  32s. 

(London,  Murray,  10th  ed.,  1868.) 
Physical  Geography  and  Geology  of  Great  Britain,  by  A.  C.  Ramsay, 
8vo.,  55.  (London,      2nd  ed.,  1864.) 

Principles  of  Seismology,  by  R.  Mallet,  2  vols.,  8vo.,  63s. 

(London,  Chapman  &  Hall,  1862.) 
Cosmos,  by  A.  von  Humboldt,  transited  by  Mrs.  (now  Lady)  Sabine^ 
3  vols.,  12mo.  (London,  Longmans.) 

Aspects  of  Nature,  by  A.  von  Humboldt,  translated  by  Mrs.  (now 
Lady)  Sabine,  2  vols.,  12mo.  (London.  Loogznans.) 

Asie  Centrale.  Recherches  sur  les  cha(nes  des  montagnes  et  lapUmaio~ 
logic  comparee,  3  vols.,  8vo.  (Paris,  1843.) 

Distribution  of  Heat  over  the  Surface  of  the  Globe,  illustrated  by  Curves 
of  Temperature,  by  H.  W.  Dove,  4to.  (London,  1853.) 

The  Law  of  Stomts,  considered  in  connexion  with  the  ordinary  move' 
mentsofthe  Atmosphere,  by  H.  W.  Dove,  translated  by  R.  H.  Scott, 
8vo.  (London,  1863.) 

Geographic  Botanique  raisonnee,  ou  exposition  des  faits  principaux  ei 
deslois  concernant  la  distribution  g^ographique  des  pUmtes  de  Vipoque 
actuelle,  par  J.  de  Candolle,  2  vols ,  8vo.  (Paris,  1855.) 

An  Account  of  the  great  Floods  of  August  1829  in  the  Province  of  Moray 
and  adjoining  Districts,  by  Sir  Thomas  Dick  Lauder,  Bart.,  8vo. 

(Edinburgh,  Black.) 

An  Attempt  to  develope  the  Law  of  Storms,  by  Lieut.-Colond  W.  Reid, 
C.B.,  K.E.  (London,  Weale,  im.) 

In  addition  to  the  above,  many  other  works  in  special  departments 
of  the  science  will  be  found  usefiil  to  the  advanced  student  and  to  the 
candidate  in  honours.   The  follo\ving  are  examples : — 
Physical  Geography  of  the  Sea,  by  M.  F.  Maury,  8vo.,  5s. 

(London,  Low,  12th  ed.,  1866.) 
Man  and  Nature,  by  G.  P.  Marsh,  8vo.,  145.  (London,  Low,  1861.; 
Principles  of  Geology,  by  Sir  C.  Lyell,  2  vols.  8vo. 

(London,  Murray,  1866.) 
Principles  of  Seismology,  by  R.  Mallet,  2  vols.  8vo.,  (i3s. 

(Loudon,  Chapman  and  Hall,  1862.) 
Physical  Geography  in  its  relation  to  the  prevailing  Winds  and 

Currents,  by  J.  K.  Laugh  ton,  lOs.  Gd. 
It  is  most  desirable  that  Physical  Geography  should  be  taught  and 
studied  with  good  physical  maps  at  hand.  •  For  the  elcuientary  course  is 
recommended — 

Small  Atlas,  by  Hughes. 
For  the  advanced  student : — 
Physical  School  Atlas,  hy  Johnston. 
Larger  Physical  At  Its,  by  Johnston. 
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Tabids  showing  the  Number  of  Students  in  each  Scikitce 
School  or  Class,  and  the  Subjects  taught. 
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